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hesitating to plrtngo into the intriem 
eutectics, solidus curves, and phases, 
an attempt has bean made, first, to , 
of our knowledge of mixed metals, 
the general principles and esseutii 
unimportant details; and secondly, 
the industrial alloys in everyday use. 
made to present the subject in am 
intelligible not only to the student h 
and the engineer, for whom, itulco 
intended. 

The complete freezing {mint curve* 
have been made a special feature of I 
they will prove useful. Tim ftve/.i 
entirely replotted to one uniform se 
comparable, while the photographs, 
are taken front samples of eomttttjreti 
samples made in the laboratory. It 
magnifications employed are in most t 
respectively. Experience haa ahowi 
fulfil all that is necessary in the gtv 
important point is that the titiigiitfi 
same, so that the mind may ©miff in 
size of grain, constituents, flaws, tstii. 
not sufficiently appreciated, and it m 
adhere-* m far m possible, to certain * 

The colour photographs rupnstiicisl 
ing the heat tinting of alloys, wotti fill 
autochrome olatea. and w*r* that firs 
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i'UAvrm i 

INTEODUCTIim 

Thkii® Iiiim boon some «*f mJ»*h 4 ** i m f » # he 

word alloy, but ttivordmg to Mobnirt* Sn \U n if »* Um*. 1 n 
Latin weird alfitjo (#<*/ /o/-t)» * <fl1 bind m*d *> *• r* ' ■* s m 
or Wndlnic together of flit* tit* \ *N v>tu titutum ?b»' .* u * 
From the lurltinl time* ?$tl-v<t n»-ro p,*4u ^ * «> < * ® 

the aimultanemit mlnrfsmt *»f maf oies M . ? 

w little doubt that the hr i to i < no * i 

worn tliii ptrrimai #%!» f mol mm e r*j * »•#,%*»« **<4 i, m 
t»<|tnillj eerluitt that th**e iiif*m*f*fti to Oe» 
worn of a fraudulent el*uneb*r t »n4 term’d m$I nMh il#« > i 
produoing fi iiirfiil whudt might I m ihi b#Mnf^t fbr ilir pm * 
How long lti#w fraudulent but *tir«w«dut pt «*<>**'« * * 
on without fifty adequate tmmiii t#f tltUerfmii 1 % *>♦,$ > * 

§tuy f but they reeeivml iIihi* br t rlev^ % lent IMmi 

..,.„t *t. 1 ..it: . * ' .t * ^i x \ i 











INTRUDUOTION. 


Preparation of Alloys -In addition to the obvious mothoc 
melting together the component mutate, alloys may be prep? 
in several other ways, Homa of those are of purely theorel 
interest, white others have been* unci urci still, used commerou 
The methods of preparation nniy \m regarded as six in numboi 

(1) By sublimation or lumdimHation of tuutallio vapours. 

(2) By compression, 

(3) By diffusion, 

(4) By otoetrn depositi«*ti 

(ft) By the mumltuneou » t* dnrtiou of two or more* metals. 

(f>) By simple nedtmg of tin* eninf fluent mutate, 

(1) Sublimation nr fltuidmwtitioit of Vapour, The forma 
of alloys by eundemai ton of umtullin vapour is mre, hut such e 
have team ohi«*rved to occur in furnace products, and It is prob 
that certain alloys whirl* are found in the native state have 1 
formed in thu way, By the de/mnpo’dt hm of mixtures of the 
bony U of mm and umbel, slhu a of f hr .e metals may he produ 

Alloys nmy aim he toim» d In tie* aettou of the vapour of 
metal upm another Thu * '*uper etpoicd to the art,ion of 
vapour is rapidly eoineit» d iniu hiass. An trample of 
practical application o< I inn p»op* it v to eomninyial purpose 
to he found in the ?*<» rutted •* diy gate auteitig process know 
Hheiardimng, In tin pn* rv* tlm /toe vapour alloys with 
iron or steel and form** a penVrf ly adherent eotibtng, 

(*2) OompfftlttltMi -4tt Hpring showed that if metals 
thinly divided stain are subjected t*» pressure the particles nnv 
form a solid mass# m though they had \wm melted, although 
actual rise in temjiemiure, due to the increase of pressor 
inoonnidemble, The prev ute remitted tomuse piirtiolasof m 
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ALLOYS, 


With increasing pressure the met* 
hole in the base of the enmprwwmu *< 
In the ease of lead and tin th« j»» *'*»»: 
38 and 47 tone per »q. in. rtMpwtmd 

If now, instead of compmwmtf simp 
of different metals are subjpMrd t<> t 
be possible to produce alloys, and 
actually the ease and that trim alb 
mixture of bismuth, lead, tin, mid <u 
15 , 8 , 4 , and » prte mtpeliv. lv pu t* 
at 98*, a temperature no loss t bun I l 
point of the most fusible of the *■«. 
at 232*. 

(8) Diffusion. —The diffiwion of in 
in some detail, and it is only www*, 
alloys oan be formed by the difliwtm 
with one another own at ordinary 

Roberts-Austen in the me of lead an 

(4) Bleotro-depodtion. Ifanidmi 
a solution containing two metallio m 
able conditions, to obtain the t»>» i 
time in the form of a true alloy, It 
proper conditions with a few earn! 
method is used emtmieraally to tiop 
tabling copper and sine, ami «m at o 
plating with alloys of silver and rad 
From a oommeroial point of view 
difficulties, and is only practicable in 
of alloys. 







INTHoHtWTION 


of metallic copper whieh iMv ailowi ^ if It »h* m 

aluminium. 

Although many of ihmn jiroeeKn** no* ^ 4* *<, <* e. 

of alloys am still manufactured by tin* mu>*\* *nena# i^4 i - 
two metals* Ferro tmmgmmm ami ^pt* ,f* mr** n **»• m*t* 4** 
in the blast fiimteo by tin* ^mnlUinMic* i *-\***u n » \ «* \ 
mangatiotfit ot*ea t while f#»rm c|jnm<*\ ff d?< **< i 

phosphorus are made both in tlm hi t X fnrnnto and a» *b» *i 
funuuw; ami forro tit&uiimi, form ah;m»»Nun v ami ' >»; 
alloys (such m formaltimmmm *dln sd*- and 4 in? - ^ ' •'*- ' 
are made in ttm itlivtrn? $m i m> • • 

An interesting example ot tlm mtutu f« m* m,< . « M 

the production of alloy* m to lm fontnl m the «• **» * i ^’N< ' * 

an alloy mmuiMuig tsweni tally *4 no b*d ae* l * '$<!*' wh* 
largely nttcd in America *ud r<* «*M'♦*»„# ; o, - jt .->> *'* 

the muted ttfckel iwi*t eupp*o «n ' e* *b«< t * 
Onppor Uliff, Ontario, Hi fin, i , *o, o a.* ' < , 

to prodttiltt iOi all*<| ou I ibnf ‘‘fli ' * s t 

from tho ore without im'uiiO’C th« <'.»*» " ' * 

and refining tho incut* and lion *4 • * ng 1 t. .* : < 

proportion** 

Anotlior method of producing «tlb»is H ,4ft.*4- 
to which Homo reference not 4 I# m-vi*' m th #< *«>*«. * u # % 
as tho Clnltlwiliiitiilt nr ihmmti \4wrm M*nI# 4*j^^ i* 
powerful alitiity of aliwiiiiiiiiiii im i# b> j t 4^ 

ttomhin© with llm oiygou nf i«»uj uib- * Ah * * * * 
the metals in a fm The 

thus :' • ■> 
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nuulo by mixing powdered alu.-mm.-iiu w if It an « i dy iviimuhlfl 

oxide, HUtih as barium or Medium peon: :■ , an i iio«* ?hm heap jg j 

insortod a short pieen of mugm-mum .un* <>r e o i r «•. Tie- ignition 
of the magnesium wire in subset.-nt r.-t m rim i. e-fimi [ u (| Ui 
ignition powder, whirh is then »>1 ^• w 1 folio- mntum in 

the crucible, When t ho rem-tion t.uulv fit w u d t 1;,- r» maimler ! 
of the oxide to bo reduced, mixed with t h«• 1 t pu ife urn.suit of ■ 
aluminium, is slowly charged inf" fie- mm mi" Is tho i- i-:urii-d ; 
out properly the redilfed mef-il V. ■!. ■ Hi" fu f he bof h-u uf tilt) ! 

crucible under a layer of slug e,.!, : hue of fu-,. 1 idonumi Thin , 
methoil is of nun’ll .service in no p u ;:w .ubi , a mv (1 f dn< 
oxides of the rare met'd, ,,i> lei id-. u 1 : • i i«-. bummuuii; 

hid', it, is of!on dilUeidl t" >«!>f uu fle •<•.< ‘ d *: • u : i ' 

fuiiouut of aluminium. "nth. "f m i he. u.- 1 ullnyi 

obtained by fids pinee-.-, ate et.f ,m i\ i- n. : . a faeh ft.f 

many purposes is a wry unp-uI -mt , >•'. : b < ■ • 1 j . m-aU *.f 

formation given in the foil" a me fa!- •- • ■ : u • i.. i..|.un»- 

rodneibility of (lie n\idr\ ami .i -m ; r shi- 

heat evolvisl dating the i> a 'mu !, -. ' „ «.f th 

reduction of nickel nude 

AN it) , r \\ , u n. 

we, have the heat of fom, it mu ,.f \' u 

less the heat of format ion of ;;\;ii >. ; , 

(fil’Rxh IS 1 ;>), leaving 1 h : . f 
been employed in the welding <-f ?i -.m t 
repairs of all aorta of fvueturea, a*, tm 
out wherever rotpuml and tpuu» uid«-p. , e 
offurnaces. 
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into k«!lwi, which «r<« Ink»■» Lv loi-thnoi tn tlm muting 

flour. Ttw following nhvt'i mi n T Inn furiiiu , *\ molting 

Ho. 1 Atlsoiraify gun metal, in given l<v i'nunose, itn4 will r^to 

Ait mt omuj|4»* «f rim*rWrc»ton imiting j't.utn**. 
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100 lba. of metal and which an* drawn from tin* furnace bv cram* 
or pulloy blockB, tho furnace lop wlimild bn level with tint poor; 
but for oruoibloH taking low* than 100 lba. and which am with' 
drawn by hand, the furnace tup nhould be about 10 inn. above 
tho floor level, bo that by placing one font ngainat the furnace 
tho nu;Itor can h toady himaelf anil nan Ida Htrength to greater 
advantage. Tho eotiHumption of mite in natural draught, cuke 
fired fnrimooH in about 20 to *.!5 lbw. per 100 lba. of br.>o,N melted. 

Instead of lining a number of comparatively unmll eruetblea, it 
iH often dcHirablo to employ one huge ormdble ; and to avoid the 
difficulty and danger of handling large cntcthl. «< full «»f undid, 
metal tho crucible ia fixed in the 


furnnoe, which i« ho conatructed 
that it can he tilled ami the 
motal poured into a prehealed 
ladle or direct into tho mould <. 
Forced draught m employ, d, 
the air, at a pre-vstne uf ! (., 

2 inn. of water, being enpplb’d 
hy uienna of a motor blown m- 
fan, One of the beat known .*f 
thowfl furmwoH in the Morgan 
tilting furnace kIjowh in fig. 1 
Thin furnace ia coirntruetod on 



the regenerative principle, the incoming air mid mwte ^, 8<T „ 
through pipes arranged concentrically m mwh « way'll, a? tb« .m 
trowla in a apiral direction r«*ut»d the fine i lt ,d , mr ,, hmu~4 
before entering the fuinaec A preheat* r t» huH t*« tb„ futnacr 
and hy mmm of a handle and ,, t «, be ,,„h **,*„§ 
fren from the f.mmee betoie id.mm.mg nud j-mmug A 
feature of thi# funmre h the hji.t.g ub: b t» 

that the RXII Upon which the futimw ei {d?< f os Iw|m» 

thi iJMJUt of the crucible, i»n Ibat ff„, fi , 

Othfir fcyp« are in win with j»mtahf« M*,* ml 41 ,'h , 4h i n ^‘^'”4 

to any jmrt of the foundry by means of «u „in}l,«4 , 


The onnHumption of fuel m the** fmiu^ »» * w> Umrf 

th« to U... ,M 1 Ufm I<f ^ 

um, ’ ,W « b my „ ml,-i.uJJv |, ,» f „ knn »| ^ 

wvhig in »ruoil,|.« 2ft 







in fuel at least 10 to 15 per cent. In a series of trials the average 
life of a crucible when melting brass was found to be forty-six 
beats; and when used for ordinary foundry purposes, melting 
gun-metal, phosphor bronze, etc., the average life of a crucible of 
400 lb. size was found to be close on forty heats. 



ALLDAYA CRUCIBLE C.A5 FURNACE 


Fid. 2.—Alldays’ Gas-fired Crucible Furnace. I 

The following figures have been given by Hughes as showing 1 
a ‘iay’B work, of a crucible tilting furnace in a railway foundry. 

The fuel used was Durham coke containing 9-35 per oent. of 
moisture. 

Both lift-out and tilting types of furnace may be fired by oil 
or gas, the selection of the fuel depending upon the conditions of 
supply and the alloy to be melted. Fig. 2 shows a stationary 
gas-fired furnace by Messrs Alldays and Onions, and fig. 3 a ? 

i 
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tilting furnaoe by the aarnc firm mutable for gn« or oil. Fig, 4 
is another type of oil-fired tilling furnm-n by the* Morgan Crucible 
Oo. Another type of oil-fired furnnee, which rorcmbloa a rover- 
beratory furnaoe on a unmll hoiiIo mtiu*r than a orunhli* furnace, 
is the Oharlior rolling furnace idmwu in tig* ft and fi. Jt i« 
cylindrical in form, and in mounted on two »•»*.? iton *t;iudard# 
having half-hoari ng«, ho that the bod* of il<>- imn »•*' » .ui bo pirlml 



Flo, S, ' Alhtajo* TtUYnf I'uum f.» * 1 * t)i» 

up by a crane when dcmmh For flm jmip, «• tb> iutunw may 
be fitted with a forged nfcwd A Hot!. «*i It tu* is inn 

presaiwekuMd,, and tlrn eormtfiipiton of |,*» } f mm drv 

work la said to be two to three gallons per cut «»? 

In America, where oil la readily ohuimibhs it t» W y Urged? 
■ used, but in thia country th«* low { ,ri« ». of « oho 1«« bithrrto 
prevented any wriouH competition in oil n. <*t §t« U mny 
advantages. However, went nont «» *»«. »lr«i r n «.f il»# 
, fcwnMeB havo ^*7 inwmed their rffirtcM-y, mmi m many 
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cases they are taking the pirn- 
shows a twin - chambered 
stationary furnace in which 
the waste lioat from one 
oharnbor is led into a second 
ohambor and utilised for 
preheating the second 
charge of metal. Fig. N 
shows the Bucks t iltiuo 
furnace, in which the com 
pressed air is led into the 
base of the furnace so that it 
becomes healed and at the 
same time tends to eon! tin* 
bottom of the furnace where 
excessive heating and di-O t net 


ef coke ii 
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a „a renders the oil more llui.l, thus pm'** »»" •>«> *>»* •“ »» 
otemg of the humor. The savin* m ha»n,r ul,,„ ml- 

tod tonoooB is considerable,as the -*1.«« "f M »«rt >>uu,va! o! 
ashes is dispensed with, »i«l no " f • 1 "' m 

Smtionormnwmlof dlnkrr. etc,at*. ‘'-"In, 



JETxo, 9,— Oluulwr ItulUug Furoac# far Ufimg % 


In both oil* and pi-fired furoaoes the w with which the 
temperature Ota be regulated is a great advKtitap, ami the 
recovery ot a oharge in the event of th® breaking of a mu-ihh' it* 
a further advantage, especially in the melting of the rmrtir m*U#ik 
Much depends, however, on the nature of Urn tm»ul to Im nmlted. 
Thus there is a prevalent belief among many limiter* of aluminium 
that in oil-fired furnaces it is difficult to prevent *t*rimw uxida 
tion of the raotal, and pressure pi i« now being krgidf ««*d in 
aluminium foundries, as it is ekimtd that by it* u**» ohdatitm 
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Kl<» ?, Ai. t .»•»' i.* •> i , •>.» * 

mntnK Amt lliww* ftti'tui* n, i- , ,• . . *. . , » s 

fttttl §UiUlfi« for fill' J«»il I : .i-W ■> ' . , >. • - 4 , , : i 

Bliotrie furnace IT. *u < i .. . , . , v , • 

fclm miumfiu tur** «if hu*.\ . -, s 

written m fiiuiwi <»f t h -m, * ,< > . \ . , 

undDr th« tmjmM mm tU hi s « 4 ^ >1 

they hwi mi futti ^ «.,fs r , 4il .;< \> v „, 

Rs of ii»tmv>?, Hi 4* n r,{ t> M , Ds. ( , ut <# a 

funuuv now m u.*-, u. i u t -Dr 'K* <;*4-w . ^ *44; I* 
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further divided into three groups. In the first of these, of which 
the Stassano furnace shown in fig. 9 is the most familiar example, 
three carbon electrodes enter the furnace at a slight inclination 
from the horizontal, and the hath of metal is heated by radiation 
from the arcs which are formed immediately above the surface, 



and which are directed downwards. The heat is intense, but 
local, and the furnace is generally rotated in order to mix the 
metal and ensure homogeneity, although it is not certain whether 
this is actually necessary. The obvious weakness of this type of 
furnace lies in the excessive local heating of the upper part of 
the furnace, with consequent destruction of the roof, and also in 
the liability to fracturo of the horizontal eleotrodes. In the 
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second bypo of are furnace, of tin- Li-.f known r» piv-mnUtive , 

is the Horoulb furnace (whown in fig. HO. On- <',ui.<>n ehvirndes f 
arc arranged vertically and at some distance ap.nrf, m» that the ; 
aro is formed between the Hiirfmic of tin* hath and the fleetmale, 
the current passing tlirough that past *»i tin- Lath hin;; he- r 
tween the electrodes. Owing to their m/»* and vertical j«niuoa, 
breakages aro loss liable to occur, and the rhvfr.»deH themselves 
afford some proteotiou to thu roof from * Si#’ ml men* heat of the I 


Flo, 10. «»f ptr hi- I’lim e'r>, 

aros. The maximum heating effect in on the ii.iih™ <*? the 
metal) and this is tho ideal condition for a teOtung furnace m 
whioh the refining operation dej«utd« ujiou rheum d r< net ions 
taking place between the *lag and the metal. For nonuple, in 
th® refining of Bteil in which the object aimed at tn the removal 
of sulphur, the intents© heat of tho electric »r« em.hh « a highly 
refractory slag containing an much a« BO per cent of lime to W 
used, which readily combine* with tho miiplmr in the ntr.d with 
the formation of calcium wtlphlda For the simple melting of 
metals, however, where no flux it uk*!, the local hentmg of the 
arcs is a serious disadvantage* 
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In the third type of furnace, represented by the Girod furnace 
(fig. 11), the current enters the furnace by vertical carbon 
electrodes; but instead of leaving by similar electrodes as in the 
case of the Heroult furnace, it passes through the molten metal 
and leaves the furnace through water-cooled iron electrodes 
embedded in the bottom of the furnace. 

The arc has been described as a necessary evil of the electrode 



Fig. 11. —Section of Girod Electric Furnace. 

type of furnace, and this is to some extent true, inasmuch as the 
heat is applied locally, and therefore at a very much higher 
temperature than is roquirod. The aim of tho designers of the 
move recent types of furnaces has therefore boen to minimise the 
excessive heating of the arc and to apply a part of the heat to 
the metal by some other means. The Girod furnace, by reducing 
the number of surfaco arcs, was the first stop in this direction, 
and the Nathusius furnace is the latest. This is cirOular in form, 
and has three carbon electrodes suspended vertically in the 
furnace, and three bottom electrodes of mild steel embedded in 
the hearth. Both top and bottom electrodes are arranged in the 



20 


ALLOYS, 


form of a triangle, and the upper mu*'i am m arranged that they 
oan bo drawn up when the furnace fa tilted a pivemiliou which 
considerably diminishes the number of breakages, The current 
employed is a throm pliant* alternating, *>f an) I'esm-mrut fmpumoy, 
and is supplied to the furmuM* through h stop down ml transformer 
which reduces the voltage of tin* nmiim to tbut of the furnace, 
Different ay stems of connection are employed, which need not be 
desoribed in detail; but in each east* the current fa canned to flow 
not only between one upper electrode and another, or b®twe®a 



one bottom electrode and another, but aiau Iwtwr-nn the upper 
and bottom electrode*. One system nf mmm'tum in nhnwn in 
%, 12. Not only ii the Irnth heated by the are* on t he siurfiw#, 
and by the passage of the current through It* but nh«i by the 

heat generated in the bottom of the furnace dim to the passage 
of the current between th® bottom tlooirnde*. 

In spite of all effort*, however, the local heating of the are is 

not eliminated, but only lessened, and at. the pif»»-<n« of simplicity 

both in design of furaaoe and in §lwtri«l w)uipumnt 
Induction famoaceit—If a eoll of copper wire through which 
an alternating ourrent ia pairing in pW^i in |««Iti«n wmr a 
second ooil, hut without touching it, a current fa ** mduocd " in 
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the second coil. The loss of power is small, and the respective 
currents may he varied at will, as they are inversely proportional 
to the number of turns in the windings. This is the principle of 
the transformer, by means of which it is possible to transform 
currents of low “voltage to high voltage and vice versa. It is 
obvious that the secondary coil may consist of any ring of metal, 
and if such a ring is contained in an annular crucible or hearth, 
and the resistance of the current induced in it is sufficient to 
raise the temperature to the melting-point of the metal, then the 
transformer becomes an induction furnace. 

From the electrical point of view the induction furnace is very 
much more efficient than the arc furnace, but from the metal¬ 
lurgical point of view it suffers from serious disadvantages quite 
apart from its high initial cost. In the first place, the annular 
shape of the crucible is far from ideal, especially where refining- 
operations have to be oarried out depending upon reactions 
between metal and slag. In the second place, the furnace can 
never be completely emptied. A cold charge does not form a 
sufficiently good conductor for the secondary ourrent, and it is 
therefore necessary to leave a portion of the preceding charge in 
the furnace. This means that it is impossible to use the furnace 
for melting alloys of varying composition. In order to minimise 
the first of these disadvantages, the Rochling-Rodenhauser furnace 
has been built with two or three annular crucibles, instead of one 
as in, the case of the Kjellin and Frick furnaces, which meet in 
the centre of the furnatib, forming an open space in which the 
necessary operations can be carried out. The furnace is shown 
in section and plan in figs. 13 and 14. 

From the foregoing brief description of the electric furnaces in 
xrse at the present time, it will be seen that furnaces of the arc 
type are essentially refining furnaces, in which the heat is com¬ 
municated to the metal through a layer of slag. While this may 
be an ideal oondition for such operations as the refining of steel, 
it is of no service in the melting of alloys, for which pux-pose 
the intense local heating of the arc is totally unfitted. On the 
other hand, the features of the induction furnace which have 
militated against its adoption in the manufacture of steel are of 
little or no importance in the melting of alloys, and it is to this 
type of furnace, or some modification of it in which the heat 
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is developed in Mu' metal itself by resistance to an oloctvio 
cumint, that, the tunuufaetu t'ur of alloys must look for tho 
aucoossful oliH0.ru*. molting furnnoo. 

If, can, in fact, ho claimod that, tho induction furnace is already 
being used for flic molting, if not for tho luaunfaeLuro, of alloys; 
fov in some of the Continental stool works it in being employed 
for melting ferromanganese, as if is stated that considerable 
economies can bo eMhet.cd by the addition of ferro manganese in 
the molten state t,o the hath of stool. Whothor this is so or not, 
the fact that an alloy no readily oxidiHnblo ns forronnanganeso can 
ho maintained in a molten condition for any length of time is 
snllicient proof of its adaptability to tho molting of alloys. But 
most alloys possess a higher conductivity for electricity than 
fem> manganese, mid ihi * in perhaps t he weakest part of the 
induct ion furnace. In order to melt, alloys which oiler little 
resistance t,o the passage "f electrieitv, very large, currents must 
he employed to raise the tempera! me suUirioul Iy to melt, them, 

An ingenious furnace line been designed by Dr Curl 1 luring, in 
which he utilises tan* ..f the phenomena observed in the induction 
furnace, and known a, the '• pinch ctlivt." 

Whim an electric current. Hows throimh a molten conductor tho 
electromagnetic haven coining into play cause it, to contract in 
oroKHsection, and if one part of the conductor is already smaller 
in cross seel ion limn the rest (a condition which frequently occurs 
in an induction furnace, due to the repairing of the crucible), and 
mirrent« of large amperage art* biting employed, the contraction 
naturally takes place at this {mint and may lend to an actual 
rupture of th«< fMu.iu.i.u and interrupt mu of the current. This 
(umtmettnu ot liquid ft<nduef>»i n in tbe phenomeutm known as the 
"pinch edi ct A»* lone a , tie- conductor i » not. actually broken 
tho pinch elhet Hoi l*e u! dc fi f«» efb-et . u fulatioji of tin* inotal. 
The lumtraetnm of lite CM}i»tu< !•<* two < ■. t he octal ut the centre 
to How, and, a s the c.iu tuiiio n Hub Hosier than the containing 
VMissel, fresh metal m in Sill up th*- apace, {bmcc the motion 

takes place m one da* . t*,>tn m tit* cent ie m tbe couduettir, and in 
the opposite «lil*■« tmu »*lt 11 5 . ..intfudo, ,ta alimi a by the IHToWH ill 
fig. 1ft. In the Hm mg furnace walej ct«4etl electrudex tiro 
embedded in tie- fsno,and connection in ununtjUnisi with tho 
main nuea* of u,« ».d m tie- < rmuble by mrnn« of two narrow 
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channels filled with the uwIaI to bn melted. It m m i h e»u ohaimcU 
toat too heat i« g«m«r»tod and from them i!m mum «f metal in 
the oruoible ia kept in mutton. Fig It* dnigrammatit'aUy 
the main features of the liming funum*. m Our cswe adapted for 
bottom {touring. Owing to the wind) <oe!mmil aiea of Ihoehtwnielts 
the metal in them in moldy heated without 0i«* use of Stwjf 
currants. Moreover, an »»m m the met-nl so t to elmumd*' is melted 
the pin ah effeat trnutms the hat metnl to to *{«trird into the 
oruoihlo and its plane taken by tn tutor m« tal, »»» f but mm|»lef.*unroti- 
latino and uniform heating of the met-d sit tie- ■ tumble vi eiifoiml. 



Its is too early to speak with any t» the practical 

Working of thin furnace, hut it certainly ujtj tears to combine the 
advantages of the aw and indnotion furnacea without their din 
advantagon, Thare k no inteoteiivt* tonal heating «n m the mw of 
the arc furnace, th« heat twing gutiomtori m thn metal it*4f m m 
too ease of too induction fumaet, Unlike the induction furnace, 
however, ton tva&sfartn«r does not form a part of the furnace, 
where it la always liable to damage by hot metal, etc,, hut in 
completely detached. further* the metal mm to molted out uf 
contact with air or furnace giue*, m ih*t<»Kt<l*tmn troubles Mould 
h© reduced to a minimum, 

Ab regards ooitit, toi eonatrucittou of the fmna*m in and 

the initial cost thuefon tow. Tilt etootmdm tomg of metal are 
cheap, and are not burnt away *» In the .«»** of w t«m «trrir.«to*f, 
W 10 form Hindi a HeriuiM item in the omti* of «rr furnaces. 











INTU<>l)UlTi(>N, 


Working oohlmiroKuhl !<* be Imv, ami if m ehiiim d Umf. Id kw. limit -s 
aro roijuiml to limit i ewf. of hr >or, hiking fhe mat of mutent 
at |d. J»«'r kw hour, hd. per nvi, 

In tho muuufuelurn ul alb»y . on a I,wen seal** it in ituf alw a t 
easy to proslure a nii\lun* • <! uniform rnmpo- 4 ?i«»n #*i**u with 
caroful sUrrmr, au<i in prartnv st in oft. n emi mined demisable, if 
not lurcnriiirv, t<* tv melt the alloy n - a..ml time. The lidlieully 
IB gmil.c'at when t ho ui**{ ila to {«• | have w *.t«! v dsiTrwfit 

molting point n, ami in at ill Ini t in i umn r.-iil mi.- t ,| the jimtah* 
in volatile?. In "i.l«T »•» reduce tin., .tub. uily tn (( minimum the 
pure metahi are to<1 tmld .1 toe. ihm, hut 5.0 vioindy made allovn, 
whoKti C(unf«>ati»m m kiioitii, are m-.rd tu main* the fmul ,dh*v 
For (Multiple, in the. r:m«' of t leittuiii mlver, wlwh e, of 

oop|Kir, nit’kel, and /me, the /me melt it at 41 IT ami flm iuek«4 »t 
1427 *| tttui it in n ideut tins,!- if the three tnehslrt Were pl.ierd « 
erueihlr* ami tuned to the n- - • .wy l«-Mp«-ffilno- m«e,{ ,,t the <-;ue 
would he b nt by %**| if ds-tdimi f <ef..r« a m:i ■ ( - l!t ,,, *-.» t .thr-.f i 

To overennie tin's dithcidty i;« n,. ii, *.:!.« t , ut 4 !«• |<v r,.. 
togwthor an fUh>V of e..pp i *uid in- kei, nn-ulli t *>!*?an. up ;*o 

fHJr OOIlt. "f each metal, ami bt.eei Tlo> i, ; , *,,) a]^,, }„„ 

a lower tm-ltinp than pure no L< i, the l.tAm b«. <1 

highor melfim'|«'«,uf Him wne, «u 1 the n »> t mUt h % ,n t > 
tipfft mure m .wiy .»!-*.*■ f h« »,„* f di *0 mme w-tbU 1,4 e,, | «;,! 

UtO low of /!!*<< !-;• % >1 it 51 r dt 4» H % t fj, tltu!* f laih f 4t1 > ■! 

Anollmr ditheulf v m t wifli it; i«e l»u. * t,4l« (»* fotiu •* * , -i 

th« liability «*f fie* m« t sh to 1». r,» tj ,4, 1 tl. », , 

of HUotl llllpoi f Ul* ■» f !> if J? 4 « * f i< ’ > ,e , > S, , . 

wt‘11 ImuiVi til ,t . , in--‘ s! ( . 1 . e Ip «.7 u,* , * m 

or alio)ing s.fli .a ' ^ > !• -4 m' '- . } if , ^ ^,4* •, u T , ^ 

injmiouH rr,n!* i i* < ; ( > y- ? , A ., •, -* jt f 

oxisiiH it of m s. , 1 ; ‘ , . , , - M 

Thr tnfSsi* 4e e! • >i •. . - , r , I , f 

tuoUttig a itmtli ip. i 1* 

any pr»- f « pr * . 

ttt \tf ftt»><h trt ' j{ 1 1 . , ■ , .. , } 

{»now wli 4 i- *> ^* . >4 ( . ■ J, ’ 1 - a . •, * 

ttm IWttal in |e . 4 ' .i,v« ..1 t,i I 1 * * ’ i 1 f.,4(l I * 

tlwe tl»« ttmr< . '4 o i,‘» ,f 4 .,,*4 mm 1,-4 *.*, ; .,th 

.Ii s , ' . s | i,, , , '.a®, . 
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was first list'd sm h (•>i ■*!«•< 5 sf e«. t rommmil? 

stated that tin- * dirt to th" ah.u.mono u.»- s f,, I.»v\i r th« 
molting pint *»f tho st.-to M<m -»*»* »io nt .. *!**- n««-li:s. - point, 
however, proud that th> u- i«<* • ><to>; h>»* um*, hut sturdy 
an inurawo in tin* flmdit \, »huh « »■■ -n-.b in !*■ uppm-iit by 
tllO heat prod Uffd by tin- - ••u.bu. s' . n ti.< .’y, *.;* u uitij thp 
aluminium, 

Itt ontor to ptvu-ut osto.it i<*u ,♦*> 3.0 ■.*■• \ ■ h’« »h«< u» t dn urn 

molted in graphite «tu«tbb . .-m-l - ««« *. 4 ««th .4 \ *\■» »*f I'lntreod, 
renin, or other eitrhtutm-ruu;. in ofsv,-, bm«u i* 

used a» a covering, nn it tnrlt- > s m .uto i*nur< a |n«»to('timt 
layer, while at tim mnm to.,*-. n « <<u.1.js.« •> wJi> am muMhe 
oxides prnsm»t and korpn th«* so. -Iren no’i.d , h u ( l to- .illuy t<« 
stirred with a rarhun «tum, ««r m non..* <• io ■> »»tU « >u ph*, 
tho gitaes evolved Crum tin* *<»*! i -v ?.. t* dn. «• .in y uti<h*<i 
present, In apite of thr>*»- j«»oms>h , h-imm, ovdn*. are 
frequently formed whieh are iu*t redo*-- 4 M »-.uh..u, , u „l the 
difficulty then proseut* it*$»df to d»-<*ud!ung the iw td 1st mdvr 
to effectually free a molten metal or allm si mu mote, »t t* iserexwy 
that the deoxidiser used »h»H have » »un>ngi*t admit > hu oxygeu 
than tho metal to be d«*mids- »*d . amt, that any 

of this dooxiditwr over that m-oeaftary u* v^u^h-rely move the 
oxide «halt have tm injurmux rlt«v? upon t U<* mto«d it. . If, A 
largo number of deovidswi'H aiv tmt niiuuho-iturtl, attd the 
following lint (p. 2? | lit veil llnwn m««t «*oinnn*idy vmr.l, t«n«*fSH*r 
with thi alloy* tor whioh they an* m**3t :*ni}tnl«I* ! «m<i tin' hum its 
whioh they w» emphiyed. 

Boron in now being umil m a f«r • «>pje r in th« 

production of oopixir ewting* for *i*n-t»«rh 1 nlik*< the 
other deoxidlita, boron dbm w»t »llt*y «itb r«*|»|n-r, iImI tlw 

addition of a slight exoeiw dmn tint mqntr tlw «d« *'tn« =d «‘**n 

duotlvity of the oopprr, 

Deoxidltsera nlirmhl only \m umi to trm the IiipIaI It<uii tin* tin 
avoidable oxidation whieh takes pla**»» dnrinn fin* tuwni o<ir**ful 
melting, and shouhi never bn regarded m an infsillild*? rrsurdy for 
oaroleaa melting. The kn«wh%« that rwktutmu mm in* partwliy 
or wholly cured should not hinder th« striotmt preimiitum* !ww 
taken to prevent oxidation during melting. RiTOtvr oxidation 
caused by too rapid melting and emmquwtt wwtmstoin of the 
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metal, or by overcharging the erueihlo, in often incompletely 
remedied by the addition of deoxidisorM. 

‘ Unt«l in form of 
O n ii • luuiigamms ami 

tiJlH*gl'U‘lM*ll, 

Ki rm MltniH mid niliciib'B. 

K- iM-r.di’ituu mliindi-, 

, Aluminium ami iom»- 
! aluminium niliritli*. 

Kt'ii*i tiUmuui. 

1 K' I 1 ‘| van uiintii. 

> I'lijijirr and 
jiltiinjillui till, 

Alutuinmui. 
fujim ijilu nji, 

Knu’, 

t*u|>r»» nwiigiusi'aa, 

Magm' nun nr iMt|irn nmg- 

ur-.miu 

t "ali inm aluminium alley. 
t' nhtmim. 

j M l Kl‘l 

\ i'h*»fljil«”i tin. 

Pouring and Gan ting If Han b mg l«-m kmmti that the 
temperature Hi wlm-h It*, fain and nlhon ore jam ml law at) 
imjKirtant udhienoe mi thru- tm . hanu al jnmprrtira, and tlm moat 
hu itable easting tenipciature fur any {mtitrukr alloy has been 
determined entirely by pi netnal esperieiire, There in a lack 
of definite information on the subject, hut !«utigmmr is respumulde 
for Kiimn intwoattng ulwrrviifituw and injHUimenlH which deserve 
attention, He rib -> fit*- I'lim' of a iumi!«r of e\u>t non tent pieces 
oast from a ft ton belle d-omo m mt -1 \ td of fifteen niuiutea. 
Tratsavenie te«t» »>u has» V in I , l m pi e<d ,,n nuppot J* 5 ft, 
apart varied from T.‘ to <-a i 

Auuther wrir» of *• *p>u mci,!a on 4 p\ > >*: %\ ulj. .y, w hone com 
pnttiLiuu is not *m* n, »deo\«-d « f»'scm- -? m ng't* unm^ frout 
151*5 to Utby tons per j ili , •»).•) « .aj«’nj".u hug elongations 
varying Rom ft tl to M h per ,•< nt % length of il ms. Two 
tixatltfiloa Itre ntw tpedrd of canting* whidi fail* «l f« meet the 
required »f*rcjfieation, but « !« u broken tip and re ine!f*td, without 
any further addition «d im-t**!, and maul at a proper 
gaff* perfectly satisfactory result,* 


Alley, 
lion alleys . 

Hoiiizti 

ii 

(tarmaii nilver . 

Hilvi-r cn|i|ipr 
Aluminium all**> > 


I ii.i.\ nii*u>r, 


Muiigam- .1. 

Sllll'illl . 

('ali’imn . 
Alumuiuoit 

Titanium 

Vanadium 

1’lin ijili'U in 

Aluminium 

Hilu'itii . 

7,int* 

Manganese 
Magm until 

Gitli-uttu . 
f' tiininmi 

Mam- o,m 

i’ltiis jilint tm 
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Longmuir has made n number of experimental castings with 
various alloys, and (ho figures in t.lm foregoing table show his 
results, '1'ht' figures explain themselves, and it is only neecwHary 
to add that the quantity of alloy melted was in ovary caso over 
50 lbs. in weight. Thro.' burn were runt at a high temperature, 
and tho motal allowed to rool in tho crumble f<>r a few minutes, 
A second sot of throe harn whh (.hen < followed after an interval 
by a (Idl'd sot of three, thorn last being cunt at a temperature at 
which tho metal would just (low. 

If tho alloy is east at ton high a temperature it putwoHMOH tho 
coarse structure edmmet eristic of a slowly cooled nmtnl; whereon 
if it is poured at (.>.» low a temperature, nut only in there risk of 
tho alloy lmourning pari intly solid, or tint Icmk fumble constituents 
separating nut, h<-f..re pm mug, hut also it HoUdifh* immediately 
ou coming in contact with the mmdd, with tho result that there 
is a look of cube .mu in the nijyi., Moreover, on neenimt of the 
dooron«« in (he (buddy of the alloy ui temperatures only slightly 
above tho melting |«>int, u is liable Ur onelose i.fiuii, slag, or 
charcoal, which in unable in float to tin* surface. Tho remit is 
an unsound ingot winch onedui when rolled. 

The proper temperature of ousting would appear to Ur snob 
that the mould i« emmdy idled with molten metal, which begins 
to solidify almost immediately after the pouring i* completed. 
Dctcrmiimtiona of the casting teniptirsturt) of standard silver 
carried out at the Royal Mint showed that tho average tem|Mituturc 
wu nearly H»r hIhivc the initial fronting {mint of the alloy, or 
about 9Htf, ami (Ida would mmn tu hi % suitable difference in 
temperature fur alloys melting in the mdgUlHiurhnod of 900 s , 
In the own of alloy a with mm-h lower multi tig*poinU, whioh 
would cool more aluttlv, the dub-i- m-e between tlm melting point 
and the cast mg t tun | m t ,u m e . an mill advantage la* decreased, 
Thui with aluminium alloy« ouch m» uu.-imIuiiii, and alloy* of 
lead and tin, the rusting temp.-ratme sdiould bn only slightly 
higher than the initial f renting {went. 

Closely coiiuented with tho cabling temp.ialuru w the mle of 
cooling of tho alloy, a nutter of very great jmfmrtanoo, (tauerally 
speaking, alow cmduig a large gnuu, a mmtm «truoturi% 

and relatively weak alloy* ; while rapid cooling §?if#« « fin# 
structure and a stronger, but tttors brittle, sJiuy. Tho rate of 
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cooling is to a great extent controlled by the temperature c 
moulds. These are frequently heated in order to preven 
rapid cooling, and in some cases it has been found thai 
temperature of the moulds is of great importance in determ 
the quality of the alloy. An example of this occurs ir 
casting of certain antifriction alloys, which will be cons! 
later. 

Moulds. —Owing to the extended range of temperatures thr 
which different alloys melt, a variety of materials are avai 
for making moulds. Iron, brass, sand, plaster of Paris, a 
number of other materials may be employed; but those 
commonly used are iron and sand compositions. Alloys inte 
for rolling or drawing, such as steel, bronze, brass, German s: 
magnalium, gold and silver alloys, etc., are cast in iron mo’ 
while those which are to be cast into objects of various sh. 
merely requiring to be finished by turning or filiug, are ca 
sand moulds. 

Iron moulds are made in two pieces, which are usually 
together by clamps or by a ring and wedge device, intend- 
facilitate the removal of the ingot. The interior of the ir 
is either oiled, blackleaded, or smoked before the alloy is po 
in. The foregoing remarks do not apply to ingot moulds 
in casting steel, which are of special form and do not receive 
oiling or other treatment previous to casting. They are ma< 
grey Htematite iron in the form of truncated pyramids of 
desired section, with just sufficient tapering to allow the m 
to be easily removed from the solid ingot. The second pa 
the mould, in this case, consists of a cast-iron bottom plate i 
which the moulds stand. 

•The material used in making moulds for “ sand castings ” 
mixture of somewhat variable composition, but usually com 
about 5 per cent, of clay, 1 to 2 per cent, of iron oxide, and 
remainder of dean sand. Where fine castings with a spec 
good surface are required, the surface of the mould is “fa» 
with flour or a mixture of flour and charcoal. 

The “ pattern 13 round which the sand is moulded is us\ 
made of hard wood, and is varnished or blackleaded to en 
it to leave the sand easily. Allowance must also be made 
the shrinkage of the metal on cooling. In casting alloys s 



corners or angles should be avoided, as far as possible, for a 
double reason. In the first place, such patterns are difficult to 
mould; and, in the second place, sharp angles give rise to a line 
of weakness in the casting which may result in fracture. This 
line of weakness is due to the fact that crystallisation takes 
place in a line at right angles to the face of the mould, and it 
follows that if two faces form a sharp angle the crystallisation 
starting from both faces will meet and produce a line of separation 
which bisects the angle. Prof. Turner states that a moderate 
internal pressure will frequently force out the bottom of a 
cylinder in a single piece if it has been cast with sharp corners. 
Por this reason rounded curves should be adopted wherever 
possible. 

After-treatment of Alloys.—When an alloy leaves the ingot 
mould it is subjected to a number of operations, all of which affect 
its properties to a greater or less degree. These operations may 
be described as (1) mechanical treatment, such as rolling, drawing, 
spinning, etc.; (2) thermal treatment, such as annealing, chilling, 
tempering, etc.; and (3) chemical treatment, which may be 
merely a cleaning of the surface by pickling in acid or alkali, or an 
actual alteration in the composition and character of the surface 
of the alloy by pickling or by cementation. 

The influence of these operations will be considered separately. 

1. Influence of Mechanical Treatment.—All metals are more or 
less compressible, and in the light of recent research it would 
appear that compressibility is a periodic property, and closely 
connected with, if not proportional to, the atomic volume. When 
subjected to mechanical treatment, such as rolling, hammering, 
or drawing, metals and alloys undergo compression and their 
meohanioal properties are altered. The metal becomes stronger, 
harder, and more brittle, or, in other words, the tensile strength 
is increased and the elongation decreased. The practical applica¬ 
tion of alloys hardened by mechanical treatment may be seen, to 
. take a single example, in the use of standard silver for the blades 
of dessert knives, fish knives, etc. These are manufactured by 
hammering, or, in the cheaper varieties, by “ bard rolling.” In 
the case of alloys experimental data are wanting; but it has been 
shown with pure metals that the greater the compressibility the 
more rapidly does it decrease with increasing pressure, and, 




according to TiO Ohntolmr, tin* temilo strength of mi;tala hardened 
to their maximum oxttmi is nlnroHt. exactly double their strength 
in their nonmil or softened condition. ilia figures for five metals 
are as follows 


Metal. 

Tvnmlu Strength in Tons par sq. in, 

Minimum Uunhum 

Maximum Hardness. 

Goritmr . 

Nickel , 

1(5-87 

82 -88 

m-m 

00-09 

Aluminium 

rm 

16-87 

SUver .... 

n-« 

24-13 

Cadmium ... 

J’BH 

8-17 


~~ 

— ___ 


Ab regards alloys, it is probable that there iHmsisting of solid 
solutions which, as will bo uccn later, have structures similar to 
those of pure metola and are the only alloys capable of receiving 
muoh mechanical treatment without lining previously heated, will 
behave in muoh tho same way as pure umiak In Home eases 
alloys are rolled while hot, and in others they are rolled cold. 
Cold rolling produces a greater degree of hardness i Imu hot rolling, 
and tho maximum hardness i*s produced by cold drawing to form 
wire or rod. The condition of maximum hard now, however, is 
not a stable one, and Le Ohatelior has shown that a metal which 
has attained a statu of maximum him!taw becotnca gradually 
softer* in the oourso of time. Thtrn wires of silver and copper 
tested some hours after drawing showed a decrease in strength 
of 2 to 2*0 ton* per square inch from those tested immediately 
after drawing. It is evident that this change, which Lo Chatolier 
has aptly described as “ spontaneous annealing, M ia of the utmost 
importance, and renders teats made on hm-denud metals of more 
than doubtful value. Moreover, Le Chtiteliur’a work was carried 
out on very soft mettdi in which Urn effort of thu metal to return 
to its normal condition merely produced a softening; but in the 
oase of harder metals and alloys tho results are very muoh more 
serious. The forces coming into play are so emmudorabto that in 
the course of time the metal suffers deformation and in many 
oases actual fracture. This phenomenon is commonly known as 
“ season craoklng,” 
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2. Influence of Thermal Treatment. A ftor being .subjected to 
mechanical treatment niufals and alloys arc mmally too hard and 
brittle to be of use, and it. in necessary to Hoftcn them by reheating 
or annealing. This operation in usually carried out either in 
closed fnrnaonH of the mulUc type or in reverberatory furnace's 
(under reducing renditions) when the size of tin; pieeoH to he 
annealed docs not permit of tin* nan of a uiullie furnace. Very 
small objects, such as pieces of standard silver to be used for 
jewellery, arc sometimes annealed by simply noting them on the 
hot oolco in tho open furnace. Formerly the operation of anneal 
ing was carried out in tlm crudest manner, but within recent 
years tho importance of the subject bun been realised, with the 
result that annealing furnaces have been greatly improved, and 
it is now possible to carry out. the pmcei.a with practically rm 
surface oxidation or alteration of the met id 

From what has already heeu said with mean! to “spontaneous 
annealing” it follows that there is no detnuie tcmp«*mture above 
which a metal or alloy can h * softened h\ annealing, The change 
takes place gradually hut extreuulv nhiwly at normal fomjmru 
turos; more rapidly as the temperature i i .■ *, untd a temjmrutnre 
is reached at which the clmuge takes pi,ore abnog instant anemndy. 
For practical purposes, however, there m n temperaiuro for every 
metal and alloy below which annealing »a impracticable mi acomuit 
of the length of time necessary for il In roach the required con 
dition. The annealing uf bra** at different temfmr.itureH has 
been thoroughly investigated by Omrpy, and bin result', are dealt 
with in tho chapter on brims. Mom recently the *ml«jeet him 
received tho attention of Matweef and It me. The latter law dealt, 
specially with tho annealing of emu ire uU.>vm, and has determined 
the temperatures at. which aoMenim: l" guei to be perceptible in 
ooinago blanks, together with tin n.upeiui'm ■ at who-h - ofteniug 
is oompluted in thirty uiinutca ami m 1.- , f ban .me mmole Hi 4 
results are given in tho following table tp t>. 

If a limtal i« annealed at too high a t«*mpe».it ure it * m* --h mie.d 
properties are injimuualy aflWird, and it w then iirqurutly de 
sonbod as “ burnt. ° Thin word is Mimiewhat Itmwdy employed to 
describe any detoriuratimi of mechanical jirwfwtien dun to annual* 
ing, and as such deterioration may t» dm to mmttd mwm il U 
necessary to distinguish botmwn Uinta, ” 
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, ‘ 0. toy <»{VM. 
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' • ; 1 .* >■ in 1 » 
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nt iiuiml*. 

(told , . 

'!«} i , "-.111 

Hilwr , , 

in' t * 4 «i 

OdptWf e « * ^ » 

NteM . . 

A--'' t 4 >*<t 
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Aluminium, etmtotttusg a jw» , »i,t ,, ,41 

• 1 it:-. ’’ 

(kdrautut, |w«il 4 jr *1.4 §*nt* 

w* to • 1 


M 900, Cu 100 
Sll w-e«|it»r ftSl*»y« 
Ag I’ift. Cu 7ft a 
Af WI*4,Cttli*i 

l&m.Cfoim 
ASMS, On MS 
Ag 100* Qtt 70ft 

Ag?19, 0u 281 

Golaage bnm«»-« 

Ott 96, 8n 4, *£n 1 
NIok«l<»ttww' alb?» 
Niao.tkw , 

Ni s6, on n . 

Nl 10, Cti 70 , 

Nl BO, Ok M , 


Atmtmlteff at ton high a «»»•** r<- ,>uf m 

oryHtftUisttthm usil nV0ii in a t'lslisin lu ?}*•>* «tnt<'tiir** *>i ' > 
m@W» Sttoh A change of it,rttuhm* i*, fau j»«»j . M-mu’al htt 
pwly physical, mtl mu I m nmmlml by »mi*bbi to ,a tt< 

Agate, annealing at ton hi^h » l«i«i|wi4Ssif»i iuav *■ i»i .<> an^rug* 
ttoa, of out Of fiftMt ttf lh« mmWw’niM «f «u» ,»!!«,* A f imslk 
it to bti found in |lw emm of st»*4 m »l»ts‘h th 
between the nrynuls t»f m*it 4 

shows a sample uf ntooi whloh tow l»«#»U MVl’f !««|1 ;»to<i 111 fitlM will 
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In the case of brass excessive annealing is accompanied by 
volatilisation of zinc. This in itself is not burning, but the subject 
is imperfectly understood and requires further investigation. 

Annealing is usually followed by slow cooling, but in some 
cases rapid cooling produces a softer metal. Examples of this 
are to be found, in the case of pure metals, with silver; and 
in the case of alloys, with magnalium (see Chap. XIII.). The 
alteration produced by annealing requires time, and takes place 
more rapidly as the temperature is raised. On the other hand, 
impurities render the process of annealing slower. 

The properties of some alloys are profoundly altered by chilling, 
quenching, or rapidly cooling from a high temperature. The 
object of such treatment is to fix or maintain, as far as possible, 
the structure possessed by the alloy at the temperature from 
which it is quenched, and it follows that the treatment is only 
applicable to alloys which undergo a transformation or molecular 
change on heating or cooling. It also follows that the effect 
produced by quenching will vary with different alloys. Steel, for 
example, is hardened by quenching; whereas the same treatment 
applied to bronze renders the alloy softer and more malleable, the 
rapid cooling preventing or hindering the formation of a hard 
constituent, which is always formed in a slowly cooled sample. 
The temperature from which the alloy is quenched'depends upon 
the temperature at which the molecular transformation takes 
place, and must, of course, be above that temperature. The 
tendency of metals which have been cold worked to revert to 
their original condition has already been referred to, and the same 
tendency is always present in metals whose properties have been 
affected by sudden cooling. They are in a more or less unstable 
condition, and it sometimes happens that changes do actually 
take place. Such changes are usually described as “ageing.” 
Examples of this are to be’ found in many of the alloys of 
aluminium which are softened by quenching but gradually 
recover their hardness. 

The structure of an alloy can never be absolutely fixed by 
quenching, for the simple reason that the quenching can never be 
instantaneous and the efficiency of the quenching depends on the 
size, or, more strictly speaking, on the weight, specific heat, and 
conductivity of the alloy to be quenohed; and also on the tern- 
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CHAPTER II. 
PROPERTIES OP ALLOYS. 


Density.—The density of an alloy is influenced (1) by the purity 
of the metals of which it is composed; (2) the mechanical treat¬ 
ment it has undergone; (3) the temperature at which it has been 
cast; and (4) the rate of cooling. These facts may to a great 
extent account for the disagreements shown in the work of Mallet, 
Calvert and Johnson, Matthiessen and Riche. Their work shows, 
however, that the density of an alloy is seldom the mean of the 
densities of its constituent metals, sometimes being greater and 
sometimes less than the mean. The mean density of an alloy 
may be calculated from the formula 

M _ (W + w)Vd 
Dw + dW ’ 

where M is the mean density, W and w the weights of the con¬ 
stituent metals, and I) and d their respective densities. The 
following alloys have frequently been given as examples of cases 
in which the densities are respectively greater and less than the 


Alloya whose Donsity la less than Alloys whose Density is greater than 

the Mean of their Constituents. the Mean of tlieir Constituents. 
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Uvyc.ui'k and N«*vi 1!*‘ have ilmwn attention to tlm alloy in the 
mlver-zim! Keriet font' ■poudite 1 ; So tho formula AgZu, which is 
capable of assuming a red eohmr when heated to about MOO* and 
Kuddenly t'lulli'il ; and it bet also hern shown that 1110 correspond- 
ing cadmium alloy Vd ‘d baa a dt tiimt and very beautiful pink 
colour. 

All these itllova are homed by !lm union of deiinito atomic 
proper! iona of \ heir »n i it umi atul mu 4 . be regarded rather an 
chemical comjiomni.’i lltaii a. ajinph* meluliie. mixtures. They arc 
perfectly Immog. tn'otn, hntf ic alhn , t| breakmg with a conelmhlul 
fracture; pn p-utira uh.eh tender !heist pis.-rieully useless to the 
art titefal worm r, Tluae at*-, IrnttroT, a largo number of UHcful, 
if le*M biilliantly alhun for the metal Worker to chooHo 

from, atul an «•%. .-hot emtumte may bo found in tlm mutmrouH 
gold alloy.** emph.vi d by jeweller i ami goldsmith'’. Sonm of I,heat*, 
with their pm.vut go* e'Kupo it iotes, me shown ill Urn following 
table : 
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ami Ml, ,.f are* wtthfa Mfiaiti limit*, wry variable fa 
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In connection with the use of coloured alloys in art-metal work 
a brief reference to the Japanese mokuviS (“wood grain”) and 
mim-nagashi may not be out of place. An effect closely resemb¬ 
ling the grain in wood is produced by taking thin sheets of various 
metals and alloys, such as gold, silver, shaku-do, shibu-ichi , etc., 
soldering them to- 

gethei', and then ... 8 .. 

either cutting a 
device , into them 

the whole until i I 

flat, or else ham- XimUl 

mering from be- ^ 

hind and then fil- _ . 

, ,, Fig. 17. —Japanese Art-Metal Work, 

mg down the pro- r 

minenccs. The methods are sufficiently well shown in the two illus¬ 
trations (figs. 17 and 18). Fig. 18 shows the effect of these banded 
alloys in a bead which is only three-quarters of\an inch in. diameter. 

^ Specific |featr-^h^most important 

determinations specific heats of 

alloys yrero rhaeUNi^rRegnault in 1841. 

he .‘divided Jj§^s into two classes: 
t|#bse haviij^^TOsing-poiij^^nsiderably 
^bove lQOmS., arljd thqj^fusing at or 
,^near E^lh^^ee of the first 

»’ class^ cwiclAfled tfiAttthe specific heat 


t|#bse haviA^wising-poi^^nsiderably 
»t|lbove lQOmS., arljd thqj^fusing at or 
Jpnear 1G^|^3. E^lh^^ee of the first 
d; class Wcmicli^d tfiAttthe specific heat 
wa^^^addijBVe property, and agreed 
^ the^' calculated specific 

Pf 1 ^X 0 htj|jhi e d by multiplying the 
ifio%sat of each constituent metal 
the* percentage amount of the 
l ^!^<4netaK contemned in the alloy and 
^ dividing the sum of the products hv 
^ 100. ,/Tbis led him to anno 1 ” 

& the allots 1 at 
1 fusing-points if 


“the specific the allots <'a1 

removed from tufw fusing-points ’ 
specific heats of the metals which 
discovered that in the case of thet. 
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Ot>M, mht% u*p|«*r, tit., a, % s . iSt , hmi, I t.irknl, 
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$hht* t ivl«4 th ‘ • iku „ :*> .ih tt.b wh(M) 
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to S^OO. a mt of <Wl n I(» ,l^u. Tali,., .1,,, ... ,, W10, 






PROPERTIES OF ALLOYS. 46 


the relative hardness of a number of metals was determined as 
follows:— 


Manganese.. 

. 1456 

Gold . 

. 979 

Cobalt 

. 1450 

Aluminium 

. 821 

Nickel 

. 1410 

Cadmium . 

. 760 

Iron . 

. 1376 

Magnesium 

Tin . 

. 726 

Copper 

. 1300 

. lifil 

Paiadiuni . 

. 1200 

Lead . 

. 570 

Platinum . 

. 1107 

Thallium . 

. 666 

Zinc . 

. 1077 

Calcium 

. 405 

Silver 

. 990 

Sodium 

. 400 

Iridium 

. 984 | 

Potassium . 

. 230 


In the sole ro me tor, as doviscd by Prof. Turner, a cutting 
method is also employed, but in this cuso tho hardness is measured 
by the pressure which must bo applied to a diamond point in 
order to produce a scratch equivalent to a standard scratch on a 
standard metal surface. 

Brinell measures the hardness of metals by determining tho 
depth of the indentation produced by a hard sphere of known 
dimensions under a delinito pressure. This method is tho one 
generally adopted in engineering practice. 

In an ingenious little instrument invented by .Shore, and known 
as tho seloroscope, tho liarduoss of a metal is measured by the 
height of rebound of a small hammer which is dropped from a 
known height through a graduated glass lubo on to tho surface 
of the metal to be tested, 

It is obvious that tho word “ hardness ” is used to describe 
different proper tios, and that the methods employed to del ermine 
tho hardness of motals do not measure tho samo kind of hardnoun. 
Resistance to abrasion as measured by tho aolorometor is not 
necessarily the samo thing as resistance to crushing tis measured 
by the Brinell method ; nor do wo know definitely tho relation of 
either of these to the “resilience” as measured by the Holerosoopo. 
In any case, however, it may be considered as a general rule that, 
the hardness of a metal as measured by any of the above methods 
is increased by the addition of another metal. 

Thermal Conductivity.—Tho power of alloys to conduct heat 
has been examined by several experimenters; but it wua not until 
1868 that the subject was thoroughly dealt with by Calvert and 
Johnson, who made a largo number of determinations, using alloys 
prepared from pure metals. The apparatus employed consisted 










of a box containing t% htrmji volume of wator ; to this box one 
mud of the W t« to* -1 * •»•*» .*- 0-01 «->! Th«< other «nd of the 

bar win rtiiittsifttiioil nt a u«* -4 'Jo* r, »isd the relative 

oonduntivlty of the bar don-noun* i by si-^.n - the rhe in tempera- 

turn In a given lino* *4 tb* kn-->wn . iU „ ,4 in the box. 

The emidtwtivlty of «iuu, «l»**h m tm* br-tt *'.*n4n*-s*<r, wait token 

m 1000. 

CJaWert end Johnson «? .»!<• that m •!>«# tin* conductivity 
of »n alU»y in the m» .iu *4 the :n-.» ,4 it* constituent 

mtfeala; hut iu nwny «so .om-- ■*. »to* im *<•! anm twtweeu 

the two. For tmimpy, th«» ■',*U'toi<-tu :f *> <>i vhei %»t.n f*keti w$ 
HKK) and that of #»M Itot, ton <to> « .»u4 t ,4 ^,44 containing 
i put oont, of silver ms-*. f«ui. i !••> to* <<rd\ h jo. 

That® t‘i|wi»wnttOfs 4svi-l«-n*t>> th»«-e eb.»fi.><* uuwmling 
to their eouduetivity : - 

l» AUoya which imndtiel torul m l .»!)<» n :<h tlo- itootoe ikjlUYtt* 

lilite of thl m#l«b rosiijurm^* ttom ato.i . isjt and /itso, ami 

of tin and l«md, 

3. Alloy* In whinh there n «?> <'*<■.-ei of s-.|si it !,*!*?*1 <4 tin* wows 
oondttofctttg metal over the msmton ,4 « pm.abj.m *4 lb,, in'tter 
conductor, inch m alloys composed ,,{ n !it > sy U u!,-ni «.f copper 
and two of tin, dr title of cnpj.ri nmi tlnvr at im, <wd which 
posaewi the remarkable ty <4 «-oud«n-tmg !»>■?it m if they 

contained none of felm bettor euudu«4om The eunduHiug {tower 
of these alloy* i« the mm» m* if tin* bar nvt«* compo-o-d entirely of 

■ the worm conductor, Blmilarlv s» the mm «f the l»s .ninth bad 

*%% Unm containing two mj»tttstS*uiii *4 htomnth and one of 
load, three of hteniith ami mm «f lead, and fnnr «»f hi ninth and 
on# of lead, ah oenduot alike, th» thnomw*’ in U**» iiy of lead 

hMittg no tnlnenoa on the eondueiivity, 

■ 8» AEoyt «0«|KMedi Of tint mtttr umUh* m th« hwt rhmii, hut 
in whbh Urn numbn* uf iM|uivabnt i *»f th« fH*tt**r rnwlucting 

/ t W#faX fa peatet Ham the nwinher «4 *«|mv«.butH of the we«o 
ha »Ew» the oomlunlitity tomb toward* the 

better oonduote, 

Itothi8i8« glf« ife tm yj opinion that the rwuhmtivity of an 
oy fuimishea no evidema^ of whether an alloy w a dhomioal 
compound or a mixttmi, 
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ductivity of alloys may be said to have begun with the publication, 
in 1860, of the results of Matthiessen’s famous research. With 
regard to the conducting power for electricity he divides the 
metals into two classes :— 

Glass A .—Those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes. 

Glass B .—Those metals which, when alloyed with one of the 
metals belonging to Class A, or with one another, do not conduct 
electricity in the ratio of their relative volumes, but always in a 
lower degree than the mean of their volumes. To Class A belong 
lead, tin, zinc, and cadmium. To Class B belong bismuth, 
mercury, antimony, platinum, palladium, iron, aluminium, gold, 
copper, silver, and “in all probability most of the other metals.” 

Matthiessen showed that the electrical conductivity of any 
series of alloys composed of two simple metals may be repre¬ 
sented graphically by one or other of three typical curves which 
are respectively straight lines, [_-shaped, or U -shaped. The 
metals of Class A produce alloys whose conductivity is repre¬ 
sented by straight lines; those of Class A with Class B by 
l_-shaped curves; and those of Class B with one another by 
U-shaped curves (see Chap. XVI.). 

At the conclusion of a research which • Roborts-Austen has 
justly described as classical, Matthiessen considers the nature of 
alloys and sums up his arguments in the following manner:— 

“ The question now arises, What are alloys 1 Are they chemical 
combinations, or a solution of one metal in another, or mechanical 
mixtures 1 And to what is the rapid decrement in the conducting 
power in many cases due 1 To the first of these questions I thinlc 
we may answer, that most alloys are merely a solution of one 
metal in the other; that only in a few cases may we assume 
chemical combination—for example, in some of the gold-tin and 
gold-lead alloys; and we may regard as mechanical mixtures some 
of the silver-copper and bismuth-zinc alloys. The reasons for the 
foregoing assumptions are the following :— 

“1. That if we had to deal with chemical combinations we 
should not find in the conducting power of alloys that regularity 
in the curves which certainly exists; for on looking at those 
belonging to the different classes we see at a glance that each 
class of alloys has a curve of a distinct and separate form. Thus, 
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silver-copper), so that it cannot be a priori even approximately 
represented. 

“ 3. At the turning-points the alloys contain large percentages 
of each other. 

“4. At the turning-points of the curves the alloys are different 
from each other in appearance (crystalline form, etc.).” 

To the second question, “ To what is the rapid decrement of 
the conductivity duel” Matthiessen says, “The only answer 
which I can at present give to this question is that most of the 
other physical properties of the metal are altered in a like 
manner.” 

In a later research Matthiessen determined the electrical con¬ 
ductivity of a large number of alloys and established formulae 
by which the conductivity of an alloy at any temperature might 
be calculated. 

More recently Le Chatelier, working with greater ranges of 
temperature, has shown that in the case of metals which do not 
undergo any molecular change at temperatures below their 
melting-points the increase of electrical resistance is proportional 
to the temperature. Many metals, however, such as iron, exhibit 
irregularities in the resistances which occur at definite tempera¬ 
tures, and are evidently due to molecular or allotropic changes 
in the metal. Similar changes are also shown in the case of 
alloys. 

The electrical resistance of metals and alloys at very low 
temperatures has been studied by Dewar and Fleming, who have 
shown that in the case of pure metals the resistance decreases 
with the fall in temperature, and the evidence tends to show that 
at the absolute zero all the metals would be practically perfect 
conductors. In the case of alloys, however, the results are 
entirely different. The resistance decreases only slightly as 
the temperature falls, and in many cases the resistance at — 200 
is almost as great as at 100°. The figures obtained by Dewar 
and Fleming for a number of alloys and metals are given in the 
following tables :— 
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Metals. 

Arranged according to Decreasing Resistance. 


Specific Resistance in Microhms per c.c. 






Temperaturo 

Metal. 


At Liquid 
, Air 

Coefliuient 
at 18° C. 


Temperature, i Tern l' e o 1 ^ 1 

irej Temperature, 



100° C. 


-182° C. 


Lead .... 

27‘97 

21-96 

6-03 

0-00411 

Thallium . 

24’6G 

18-75 

4-89 

0-00398 

Nickel 

19'42 

14-65 

1-91 

0-00622 

Tin . 

18-30 

14-14 

3*40 

0-00440 

' 'A ” Iron (Armstrong’s) 

15-73 

11-50 

2-34 

0-00544 

Platinum . 

14‘81 

11-65 

3-34 

0-003529 

“H.W. ” Iron (Hopkins 
and Williams) 

14-63 

10-01 

1-22 


Cadmium . 

13-84 

10-98 

2-95 

0-00419 

Palladium . 

13-79 

10-88 

2-78 

0-00354 

Zinc .... 

7-91 

6-21 

1-50 

0-00406 

Magnesium . 

5-99 

4-65 

1-00 

0-003S1 

Aluminium . 

3-57 

2-77 

0-56 

0-00423 

Gold .... 

2-94 

2-34 

0-68 

0-00377 

Copper 

2-22' 

1-68 

0-29 

0-00428 

Silver .... 

2-06 

1-57 

0*39 

0-00400 

Lord Rayleigh suggests a possible 

explanation for the 

remarkable 

difference in the behaviour of alloys 

and 

pure metals, with regard 


to their electrical resistance, on the assumption of the heterogeneity 
of the alloys. According to this view, when a current is passed 
through an alloy, it sets up between the particles of the different 


metals a series of Peltier effects proportional to the current, and 
these create an opposing electromotive force also proportional to 
the current and indistinguishable, as far as experiments are 
concerned, from a resistance. If the alloy were a true chemical 
compound this opposing force would not exist. 

This explanation is undoubtedly of great service in considering 
heterogeneous alloys; but it must he remembered that, in the 
case of the most perfectly homogeneous alloys known, namely, 
those of gold and silver, the alloy containing atomic proportions 
of the two metals and corresponding to the formula AuAg has 
the highest resistance of the series, a fact which can only be 
explained by assuming, as has been suggested, that the Peltier 
effects occur between the molecules themselves. * 

The variations in the electrical resistance of amalgams at 
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different temperatures Imve !«»-u idv*- ’lig.ited by Mr It 3, 
Willow®. The nm-dg mi. eip.-nmi-ui'd up >n tnclti to those of 
biu, Miu’,, cadmium, and m>gm-'.mu » bn* fin* u,.mI interesting 
of thcftO It th“ mmilg.Un Vti'h :n»t\ I'. J u g<\.-n Itiiudgum two 

ourvea wmld l» *4*t«--i hi. , h disbi.-d « niu«>Sv In certain 
important rharapb-nMiei Thu*, f.<r r% uni'!.', if, nff*,r deter¬ 
mining thtt resbtiinei-, lit*' rnu.ih'.mi wan ii. i‘,- I ji| t ,| itlUtwod to 
oool ami the re»totsme d«-’.« iminni, if w.e. bund that it wag 
greater after heating iLm bdme. I u\>a run 4 i«. j«<pr:ited several 
thllM, the liter*' He in the ir-u d tu e hr ■ h i'll Ittld b’SH, Until 

after heating atomt *ix Mimn tf e n f, ■»>* I tb»t n Luther heating 
did not iiirrmiti the rmu.'-invr. \\ I,. u u,r» *• *■. hium %%n-> reached 
tlifl r*‘Htstane« at vartottu hnu\»u i'nu > v,» m .1* fm mined and the 
mud to ph»Urd in the Lim **f »rui\e {'!<« mu dgum wiw then 
allowed to atom! at the i* i»uh> »*f the tor mutual weeks, 
Its rwiMtanOO bcllsff l*n-.t*ui»fd tn.st n.mJ{ the mum** tempera- 
turn, lb wu found that the >,tn-r |,u eb.iiH toil nimvly for 
th« first three day*, most i.tmdly atom? the *.<*. nth, and then 
again more alowly. In is-.m,* mmew it »....k t.n u.eka for tho 
rORiatftUOO to Wi’tmio Steady, A mu ie» of dftri luumtiolIH 

were thou made, when it «« found h. *t tint nirvn m obtained 
differad entirtdy from the hr/*!.. 

Many attempts lmv» l**eu made to tmen analogic* between 
metallic! camiuotiou and the *deelr<dyi»e «h . of will. «olu- 

Mens, but «i far without sure* m. In iHcil tbt&rdm conducted 
W®ft itptrktiMti* tm fKKlium amalgam, frmn wim-h ho concluded 
the mttoli might be tmp,,r.ii.d by mean* of an electric 
current j but Dr Ob&oh, who rej»i at<d lua t* 5 tf«ouuruta with great 
oavt, was unable to obtain miy ovebm-n «f of the 

fttrudgam. Iu lfiH7 the tpn iriun wiw ayain invent igatod by 
RobcirtoAuaton at tho r*Hpu- ,t of tin* Kb-. tr*4yni« (’otmuittoo of 
Brlthfii Aamanatinu. fto eti«uimruf»>d npm ulluya of gold 
«ud lead and ailvw* tmd bud pUe.-d tu ravitiea nut in a ftro briok 
an maintained in a molten m ue, but wait unabh« to dotert any 
eeparatiott with Hurrmfc# of find amponm. It. must \w roimunbored, 
toweyer, that at th® high tompi^mUmm employed in tli«i 
oxpe meats the diffusion must have lawn very rapid, and would 

probably be mtm* «. to eotttlter t w hme t , any i^pimtion 

^ flcwtrio current. With reference to 
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t’olunuiH <>f thud lend, mid tho Kphoruu ivpivmit. tho mes of tho 
hut loir* of gold nud pint intun u.\t ntotud from the sections of the 
‘■oluiuti'i !U iiiiuvm. Thu um vt H mu plotted with distanced of 
dtlltisiun sv» urdiuitli «, mid concent rations »a silweism 
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I'm. 11*. nf Oi.ltl am! Platinum in Lnul, 

Thu tiutrrmiimtjouH of k f»u «. |Vw nu tuU nrn given in tho 
following table; 
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k in o.jimt«• 
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By way- of comparison with those figures the results of some 
determinations of the diffusion. of metals in mercury published by 
Dr Guthrie in 18815 have boon calculated by the samo method 
and give the following values of k in sip ems. pur day : — 


Tin in mercury at about 15“ 

• 1*22 

Load „ „ 

* 1*00 

Zinc „ „ 

* 1*00 

Sodium „ „ 

* 0*45 

Potassium „ „ 

• 0*40 


These rosidts have Hiimo boon pmetieally eonlirmed by 
Humphreys. 

Diffusion of Solid Metals, 11; has long boon known that solid 
bodies are capable of diffusing into one another, and the old 
processes of omuontation are bnned upon this fact; hut it is only 
within comparatively recent, yours that the subject has received 
serious attention from a tin**metical point of view. In 1820 
Faraday and Hlodart, while nvptmimeuting on tbo alloys of iron, 
observed that Hteol and platinum in the form of bundles of wire 
could bo readily welded at a tmnpemture considerably below that 
at which cither of the metaln alone would ho affected. They 
further observed that on eteldngj the welded mass with auid the 
iron appeared to he alloyed with tins platinum. More than half 
a century later (in 1H77) C.hornoif drew attention to the fact that 
if two surfaces of iron are heatrnl to idiout 050* in intimate can 
tact with one another they will uni Us. Prom this date the 
publication of roscureiteH on the diffusion of solids became more 
frequent. In 1HH*J Spring doinouNtmtod that, alloys may be 
produced by compression of (hoir (soimtit uent metals in a fme atute 
of division, while lhdh.rk in 1N8S showed that similar result# 
oould be obtained without, the aid of pressure, but at somewhat 
higher temperatures. In 180 4 Spring showed that two carefully 
prepared surfactw of two tu.-iulsi pressed together and maintained 
at temperatures of from IMP to 400" for eight hours would inter 
penetrate and form alloy* at tin* junction of the two tmitak, 
The first actual measurements of Urn rate of diffusion of Mulubt are, 
however, duo to Robert« Austen, who extended bin reaeareht*** on 
diffusion from the fluid to the mdid state, and in 18U6 pttMWwtd 
the results of what i« now jimtly ©omid®r@d tm« of th« eltMwioal 
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researches on alloys. IIo determined the rate of diffusion, k 0 f 
gold in solid lead at various temperatures, and his results are 
given below, with the rato of diffusion of gold in fluid lead at 550* 
for the sake of comparison :— 


Diftusivity of gold in fluid lead at 650* . . . $-19 

,, ,, solid lead 251* , « , Q'08 

11 „ ,, 200* . , , 0*007 

„ „ m * . 0*004 

M M M * • . 0*00002 


In order to determine tho rate of diffusion of gold in l ea( i a 
the ordinary temporaturo, discs of pure gold were damped to the 
ends of cylinders of lead *dH cm. in diameter, and these were kept 
at the ordinary temperature of the atnmsphero for a period of 
four years. At tho end of this time it whs found that the discs 
of gold adhered to tho lead cylinders and (hat diffusion lmd takou 
place. Slices wore cut off tho cylinders, tho first 0*75 nun. thick 
and succeeding layers 2*3 mm. thick, and thrxa were then assayed. 
The first layer was found to contain tm much ns 1 os. 0 dwts. of 
gold per ton, while tho fourth layer was estimated to contain 
dwt. per ton. From those results RubertH-AnsUm calculated 
that the amount of gold which would diffuse in solid lead at the 
ordinary temperature in one thousand years would ho almost the 


same as that which would diffuse in molten lend in one day. 
Liquation.-—When two or mure metals are melted together and 
allowed to cool it seldom happens that tho resulting alloy solidifies, 
or freezes, as a wholo and at a definite temfiemtum Usually one 
portion freezes first, rejecting another pur turn of different com¬ 
position, whioh then solidifies at a lower temperature. This 
property is known as liquation, and has been made uho of in the 
well-known Pattinson process for tho (separation of silver from 
iead. In this process it will bo remembered that tho lead con¬ 
taining silver is melted and allowed to emd slowly, tho almost 
pure lead being ladled off as it solidifies, leaving a still melton 
allby comparatively rich in silver, 
lhe property of liquation has been long known, hut it is to 
nroW« ne i at W8 owe the firab systematic! invuitigution of the 
fsarmW H , 8 ^ mider8 tha & the solidifloatiou of ft molten alloy 

the on^f 113 ^ i flcdid ^ oat * on °* a tnftM °f molten rock in which 
quartz and felspar solidify before the mica. Ho, in the c«@ 
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of alloys, a certain metal or alloy solidifies first and eventually 
leaves behind the most fusible alloy of the series. This alloy 
Dr Guthrie calls the eutectic alloy. The constituent metals in 
the eutectic alloy do not occur in atomic proportions, and he 
remarks that “ the preconceived notion that the alloy of minimum 
temperature of fusion must have its constituents in simple atomio 
proportions, that it must be a chemical compound, seems to have 
misled previous investigators.” He admits the existence of com¬ 
pounds, but declares that “the constitution of eutectic alloys is 
not in the ratio of any simple multiple of their chemical equiva¬ 
lents, but their composition is not on that account less fixed, nor 
are their properties less definite.” 

The phenomenon of liquation has been long known in the case 
of the copper-silver alloys, and, owing to the importance of these 
alloys for coining purposes, they have received considerable 
attention. D’Arcet in 1824 and Mercklein in 1834 both 
pointed out that the alloys of silver and copper are not homo¬ 
geneous; and Levol, in 1854, as the result of a very careful 
investigation conducted on these alloys cast in both cubical and 
spherical moulds, came to the conclusion that the only homo¬ 
geneous alloy of the series was that containing 71*89 per cent, 
of silver, which he considered to ho a definite combination of the 
.two metals corresponding to the formula Ag 8 Cu a . 



Fig. 20.—Cubo showing liquation of Silver and Copper Alloys. 

In 1875 the question was taken up by Roberts-Austen, who 
repeated Levol’s experiments. He drew attention to the influence 









ALLOYS. 


58 


of tlm rat .a of cooling on liquation, anti showed that in the case of 
an alloy cunt, turnup; 925 part* of silver and 75 parts of Cup p ei . 
very slowly ouoiod in a unbind mt.uM 4a mm. in sido, Urn maximum 
diflorouoo in rumpuHitimi was only 1*4 pm- thousand, l.ut as much 
as 13 par thousand when rapi.lly cooled. 1U H figures aro K i veu 
liolow, together with n diagram (Inr. 20), showing the position in 
Urn ruin' corresponding "it It the assays : - 



Uv!i'i*7 
025*0 
92fi ‘0 
025 *0 

025*4 

inu-n 

925*0 
925 *;t 

925*8 

i»y.va 

t»ai*a 

925 'it 
025*3 
924*4 
025*0 
92 im 
92.. i) 
Hitt* ’it 
9*25*0 
924 *P 
924*3 
924*7 
924*0 
024 8 

oar.'B 


lii'fi/Mirl.tl 

Dial..* 


1. 024*8 

2. 9 aft *0 
8. 024*0 
4. D24'9 
f>. 025*0 

d «. 925*1 
7. 0215 *1 
H. 025*1 
0. 025*0 
\U>. 025 0 



024*1 

024*1 

024*1 

924*4 

024*0 

024*2 

024*2 

028*9 


Dip itwttiy, 024*0. Maximum diflbrtmeo (lugwi'im thn t'tmlro 
and tlm onrmtra) 1 ‘40 jut tfiotmm]. 


Some years Inter Huberts-A union returned to this subject, and 
by moans of cooling curves takon with tin* recording pyrometer 
showed that Imvol'n alloy was the only emu which solidified at a 
definite temperature, 11uycook and Neville, and Osmond have 
also shown that Luvol's alloy is tlm trim eutectic of tlm serins, 

Mr it Mfttthey haa Investigated the U<[uution of alloys of gold 
and silver containing load and Kino as obtuinod in the extraction 
of gold by the cyanide process, and his ro.snlts aro oxtremoly 
important. An Ingot of tide type weighing 120 okh. was found 
to oontain 662 parte of gold par thousand at the bottom corner 
and only 439 at the top. Another ingot weighing 40Q osa. and 
—taininar 16*4 uar oent, of lead and 9*5 por oont. of sine was 
the whole of the precious metals, to oontain 
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gold 514*0 parte per thousand, and silver 75*8 parts per thousand, 
and its value wan reckoned afc iU028. The value, however, an 
calculated from the. moan of fourteen assays on the ingot wuh only 
£9G5. In the case of gold and '/inn Mutthey found that, {.lie gold 
tends to liquate towards the centre of Ihe mass, luit only slightly. 

An alloy containing 900 parts of gold and 100 of zinc in ihe 
form of a sphere 0 in. in diameter was found lo ho only 1 to 2A 
parts por thousand richer in the centre than at the outside. 
Lead behaves in a similar manner; lmt the liquation is more 
marked, the coni re of a sphere containing ,'K) per cent, of lead 
being 29 parts per thousand richer than the outside. When Loth 
lead and zinc are present the liquation is still morn marked, and 
in the ease of an alloy containing 15 per cent, of lend and 10 per 
cent, of zinc tlm sphere coni.uinod 057 parts per thousand at the 
top, 785 in the centre, and 790 si. (he buttom. In eonneelion with 
those alloys it is a curious fact i hut if t lie quantity of silver present 
is not loss than two-thirds Hint of the lead and zinc together, they 
show very little tendmey to liquate, and an alloy containing 5f» 
percent, gold, 7 per cent., zinc, 18 per cent., lead, and 20 per cent, 
silver, was found to he prerl ieally homogeneous. 









un aptim m, 

METHODS OF INVESTIGATION. 


Tnrc experimental diflirultim ouemmte.ml in any attempt to 
inquiry into the nature and eonst tint ion uf metals and alloys are 
by no moauH inconsiderable, ami until comparatively recently tho 
subject has boon ono for apei-elution and hypolhoHis rathor than 
lor any positive knowledge. Theny ddlioultics, however, have 
been largely overcome by the improved methods of modern 
research, and before dealing with tho couHtitution of alloys it 
may be well to consider the various methods which have been 
employed in their inve.Htig.it iou. 

Those liavtt boon conveniently classified by Uoborts-Amten and 
Stansliehi under the following heads: 

1. The Chemical Grouping of the Metals In a Solid Alloy. 

%, The Separation of the Constituents during Solidification. 

The ft ret of these includes the following methods of investi¬ 
gation :— 

a. The upooifio gravity of alloys. 

5. The oleutrieal resist aneo of alloys. 

a Diffusion of metnla in alloys. 

d. Electrolytic oonduetion. 

e. Thermo-eleotrie power. 

ft The heat of combination of metals to form alloys, 

g. The electromotive force of solution of metals and alloys. 

h. Isolation of the constituents of alloys by chemical methods. 

i. Microscopical examination of alloys. 

Tho second group duals with thorn) methods involving a study 
of the separation of the constituents of an alloy on solidiiloation, 
and includes— 










METHODS OK INVESTIGATION. 


01 


(a) Measurement of fall of temperature during H-diditiruf mu 

by means of a pyrometer. 

(b) Mechanical separation of the constituents of mi alloy 

by heating to dofinito temporaluie;«, and draining oil or 

prossing out the litpiid portion. 

(c) Investigation of the el tangos in the magnet to character 

of certain alleys during hosting and enolmg. 

The first four of these metlmdo, vi/. thr detmomafmn of 
specific gravity, electrical resinlunee, dill'm am and el«r? i.<ty?«*«* 
conduction, have already horn eoiinidered under the " I*t« 11 rfien 
of Alloys/’ and need nut be dealt, with hero. 

Thermo-oloctric Power. -Thin property has hoeu Miggentrd »»* 
a moans of throwing light on the nut me of id by hut h.e* not 
been very fruitful in re.suIts, owing to the fart that n rh.ioge m 
thormo-olootric power may he oatmed hy an allot n.pie mi well m 
a chemical change. 

The Heat of Combination of Metals to form A Hoy a \ 3 -i< ti 

many metals evolve heat when unit'd, m.oh an o.n ; 

copper, platinum and tin, arson in and smi.u*-.y, h u.nrn and 
lead; while the union of others, remit nn le.td .-mu tin, »n •» n-m 
paniod by an absorption of heat, in thin erne the ah .<« je<u t ,f 
heat is small; but there in an example of an nll.y, fir-.! d<-'iotii«*4 
by Mohr, in which a very marked lowmiug of tempcratnru r«i 
be produoed. This alloy in fornmd hy taking finely dunkd tin, 
lead, and bismuth in their equivalent |in*|».srlsmH im« 1 rapid)* 
mixing them with eight, wjuivalenta of mmeury, I« i!u« » itl 
the temperature of the mixture will nofmtlh tall fiom i IT t . 
-10“ C. The determination of tlm heat of o.mhm.s! *<n ien i e 
made by adding one metal to another in the m< U< n 
iu the cose of solid alloys the rletm | tm , ,t „, u ,.. )U U}! i v | st , am%rt § 
at by itidireot methods. One nm h mrih«. i . ,. u - m r^uq^tma 
the heats of solution of the alloy and of the |,i U v * 4 p, m 
acids; but this method is open t«* v?,I. i. j % . ,,,, 

Galt, and Gladstone have made deteuum items <d ii»,- i,. i4 ! , ; f 
combination; but, so far, the result* have n,,t add..! h to mm 
knowledge of the constitution of alloys. 

Baker (Phil Tram., vol. oxuvi. p. 629; hm m&dw tlmmnmMimm 
of the heat of combination of a large mtitthw of £4»j*p$r ndlpjri. 
The method adopted eoimista in detortaiutng the (JifiemicM 
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tho Ju'aiH of dmxolutiou of tlu* alloy mol an equivalent weight of 
it,H eon.it iluouts in a Miifnble h'dvent. Tim huIvuuIs employed 
won? an aqueous solution of chlorine, a mixture of ammonium and 
femes oltluritlt'K, ami a mixture of aimmmiiun and cupric chlorides 

Li the ease of tin' copper /me alloya Llm experiments show 
that-- 

1. There is im evolution of h< at. in i.ho formation of all the 
alloys. 

2, Thin evolulion of heat reaches a maximum iu tho caso of 
the alloy corresponding to the formula Cu%n„ {i.c. 22 por cent, 
of copper! 

The Electromotive Force of Solution of Metala and Alloys,— 
This method hits het'U u-.ed by Laurie, and has given moat valnablo 
evidence an to the exbtruee of compounds in alloys, 'l'ho method, 
an employed by Laurie, depmid-. upon the fact, that if iu a galvanic 
coll nay, for example, a 1 )um<ii cell lhe zinc, plate in replaced 
by a compound plate made by joining toe.riher rods or plates of 
ooppor and nine, tlu? eleetroumine force im tint altered j this is 
the ease even if t bn zinc mirfmnt is only one tlmuHnudtli 
part of the capper turl'ace. If now the zinc plate in a 
Dmiiell coll is replaced by zinc allot m eoiitaiiiiug increasingly 
large percentages of copper, it. is found that the electromotive 
lb roe does not vary appreciably until an ulh>y onutiduiug 311 por 
cent, of copper is reached, when there is a midden fall in tho 
electromotive force. From this it iu argued that in this alloy 
there is no free ssims preumt,; hut that, it is all in combination 
with the copper, and forum ait alloy which may ho rojireneulotl by 
the formula CuZn a , In the name way with the copper tin alloys, 
a sudden change in the electromotive fore.e in noticed when the 
composition of tho alloy cum^punflH to a formula Sn(lu 8 . More¬ 
over, if an alloy containing an excess of tm lie employed tho 
excess of tin li dissolved out until the Harms alloy Sid !u a is reached, 
wh« UO further change occurs, These results liear out tho evidence 
obtained from the determinations of the deimity, thermal and 
deotrical conductivity, and also the mietohenpieul examination and 
cooling curves. Then® will bo discussed later. 

Isolation of the Constituents of Alloys by Chemical Means. 
—It frequently happens that one e.oimtitiumt of an alloy is leas 
soluble in a given solvent than the remainder of tlm alloy, and 
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this is more especially the case when compounda im- pre-mt, if 
is therefore possible, by using a suitable solvent. to m-.suhr 
the moro soluble portion, ami this can ufi.ru hr f.trilu.t!- d in tin 
> employment of an electric current. Tin* mudur r un t ion its* 

filfcorod olf and analysed. I*ltt*t**;* 1 •*l*li 4 in an r vumT- •<[ a 

compound soparaied in this way. 

The Microscopical Examination of Alloy.. Tor ewd. a.-.- 
afforded by the inie,i*(iscope, in relation iu flu- nm non uu >d 

alloys, has boon of such value t,lmt it may unit am a* t ige {,«< 

considered at Home length. 

The systematic study of the .'.nurture uf n.< mi . a * i- v.th*d ht, 
the mioroso()|io was first undertaken by I »r S.,rhv of Nm , t , 

an introduction to the study of meteoric irons. " H «, n H lm | U , d 
thing,” ho says, “that ! should hr led from the study of the msn , 
soopical striminro of rocks to that of tm-ironfe-., and in «« l« r i*» 
explain the structure of meteoric iron I e.-mim-m-, <i sle * v of 
artificial irons.” Ho began thin study iu 1>»TI, and m the 
ing year his paper On a AVw- MOlm! of liiu-Jyaf*, r. »v * ?t 


of variant! Kiwi a of AVer/ foj Katun I'rmUwj w«» joe b.m d m i, 4l 
ShcIIicld Literary and Philosophical Society. f n iHo * l, Si J.. 4 |„ , 
On the Mie.romipical ,SY nifhtn of Mrintritr* a „,f | ttsl „ 
published by the I loyal Society. Nothing furth.-r uppers u» bm-,- 
boon done until Prof. Martens jail,Imbed it, l H7* the nmlu ul 
his investigations, which were earned out quint indrprmihm'h 
dhe importance of the study of the minusit ueturo uf uwt ?it% am! 
alloys was soon recognised, am! the work of Dr Horbv and th 
Martens was taken up and extruded by Wedding. i 3i , ; 
Andrews, ItolmniH, Howe, Dlrnrpy, ho t 'h o. H f„,?» \%nun h 
Stead, and many others. 


In order to study the st met ure of a metal .dim U\ IS(S ., 4 , ift is f 
the microscope it is first timwaty to j„,, !iri . n T-I „, 4 rU**, 
and for this purpose a section of rum, amut tl ,n t 
In the case of comparatively soft alh-v;, the* i, ;:u j„. ., , j>( 

sawing through the alloy with n )»»,-k ;< nd u»*n 
shape, hi the case of hard ami brittle ail , v „ a .ion-o J 

may he used, hut a simjiler Wl in a tfl 

and selecting a fragment with a ivriy •««*|!» f mm , 

XWs face is then ground down on an umary *ht*i tiRiil fct» ftm 
size and slmpo of the aampla to Iw polkhod will dtjwid itj.u, 
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circumstances. It may bo that a section of thin wire, or of 
a small turbiuo blade, is to bo polished; or it may bo necessary 
to examine) a firebox plate or a largo easting. In the case of 
small sections some skill and ingenuity is required in the polishing, 
while in the ease of larger samples from which a portion has to 
bo out the selection of thu sample must be made with dis¬ 
cretion. In any cast', the Hiirfaeu to be polished should not he 
much move than half an inch across, or tho labour of polishing 
will bo excessive. 

Thin sections can bo polished most readily by first embedding 
them in a larger piece of metal of similar hardness. This can 
sometimes ho ofieeted by electro depositing metal of sufficient) 
thickness upon them and then polishing the whole section, but 
in tho ease of simple sections, such ns thin sheet., it is usually 
simpler to make a saw cut in a piece of metal, insert tho sheet, 
and then close tho cut by squeezing in a vioo or hanmioring. 
The two can then ho tiled up as one piece, 

In whatever way the wimple in taken, great care, should be 
exercised during tiling to prevent tearing of the surface, Aftos 
finishing on tho smoothest file the section is now rubbed dowi: 
on emery papers of increasing fineness, using first the ordinary 
English papers and then those of French make used by steo‘ 
QUgravors, and marked 0 to 0000. The grinding on each paper 
must be continued until the scratches produced by the previous 
paper have entirely disappeared, when the next paper is sub¬ 
stituted and the section turned through an angle of { MY\ so that 
the new scratches are at right angles to the previous ones. In 
this way It ii easy to nee when the coarser aerate lies have dis¬ 
appeared. This preliminary polishing in most rapidly performed 
by attaching the ornery papers to Lite surfaces of wooden blocks 
or wheels, which arts made to revolve at a high rate of speed, 
Aiter rubbing down on tho last emery paper the surface should 
be free from all coarse scratches, and is now ready for tho final 
polishing. Various methods*) have been devised by different 
workers for the final polishing of tho section, and sumo of these 
will now be dealt with. 

For rough work the section may he polished cm a wheel covered 
with chamois leather or broadelolh, upon which a small quantity 
of fine dry jeweller’s rouge has been sprinkled. For finer work 
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the wheel should bo covored with broadcloth which is kept wot, 
and woli-washod rouge employed. Wot polishing may tako 
longer, but is far morn satisfactory than dry. 

Rouge suitable for polishing is propared in the following way : 
A quantity of jeweller's rouge is stirred up with a large bulk of 
water (about 50 grams of rouge to a litre of water) in a largo jar 
orhpakcr, and is then allowod to stand for thirty seconds and the 
liquid decanted. This is allowed to stand for some time, whoa 
the water is poured oil’, and the rouge which has settled is used 
for the polishing. 

With somo alloys it is well to avoid the presence of water, and 
in those cases the rouge may be moistened with a little paraffin. 
This method is vory successful in the case of copper and copper 
alloys. 

Le Oliatolior has made a number of experiments on the subject 
of polishing, with a view to increasing the speed of the manipula¬ 
tion. Ho points out; that; in the washing of powder’s the quantity 
of oarbomvto of lime in the water is quite suiUoient. to cause the 
formation of lumps, containing both course and fine particles, 
and ho rooonimends the following method -The powder is first 
treated with water containing one part of nitric acid in one 
thousand of water, in order to dissolve any salts present. The 
mixture is stirred, allowed to settle, and the oloar liquid decanted. 
The process of washing and decanting is now continued with dis¬ 
tilled water until the acid is removed and the settling takes place 
more slowly. The separation of the powder is thon effected by 
adding two cubic centimetres of ammonia to each litre of water, arid 
the top portion of the liquid is syphoned off at intervals of fifteen 
minutes, one hour, four hours, twenty-Tour hours, and eight days. 
After the removal of t.ho twenty-four hours powder the finer 
particles still in suspension rimy ho caused to sottlc rapidly by 
adding a small quantity of acetic acid to the liquid. 

The powder in the first deposit is unsuitable for polishing, and 
the second and third are somewhat coarse, but the deposits 
oolleotod between the first and the eighth day constitute the true 
polishing powders, 

The powders so propared are mixed while still wet with thin 
shavings of vory dry Castile soap, in the proportion of one part of 
dry soap to ten parts of the wet powder. The mixture is melted 

5 
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in a water bath and allowed to cool, stirring continuously, until 
the mass begins to thicken ; it is then poured into tin 'tubes 
similar to those in which oil paints aro kept. 

Le Ohatolior has found the following substances to be the most 
satisfactory: Alumina obtained from the calcination of ammonia 
alum, commercial flour emery, oxide of chromium obtained from 
the calcination of ammonium bichromate, and oxide of jron 
obtained from the calcination of iron oxalate. Alumina gives far 
better results than the others. 

Those are the usual methods for obtaining a polished surfaoe • 
but when soft metals have to he dealt with, such as load it is 
extremely difficult to obtain a good polish, and only the slightest 
pressure must he used. To overcome this dilliculty Kwiug and 
Rosonhain have adopted a method of obtaining a smooth surface 
without having recourse to any mechanical polishing. This 
method is especially useful in the case of research work carried 
out on easily fusible metals and alloys, and consists in pouring 
the molten metal on to a smooth surface such as glass, mica, or 
polished steel, in contact with which it is allowed to solidify. In 
practical work, however, it is obviously not permissible to melt 
the alloy, and the specimen must he polished. Kor this purpose 
a little Globe metal polish and chamois leather will bo found 
quite as satisfactory as more elaborate methods. 

When an alloy which is composed of constituents of different 
degrees of hardness is polished on a soft, material, such as leather, 
eloth, or parchment, the hard constituents will appear in relief, 
and a preliminary examination of the polished surface is frequently 
of great value in affording information as to the relative hardness 
of the constituents of an alloy. As a rule, however, it is necessary 
to subject the polished surfaoe to the corroding action of some 
chemical reagent in order to distinguish the constituents. This 
process is known as “ etching.” Tito reagents most frequently 
used are the various acids, but alkalis, alkaline sulphides, and 
many other reagents are also used, either in aqueous or alcoholic 
solutions. Some alloys are most satisfactorily etolrnd by placing 
the polished specimen in a salt solution and connecting it with 
the positive pole of a battery, while the negative polo is connected 
with a piece of platinum loll. 

In addition to the ordinary methods of etching there is the 
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method of “heat tinting,” which consists in simply heating the 
specimen in air until the polished surface assumes a decided colour 
due to slight oxidation, and then cooling quickly by floating on 
mercury. This method has proved of the greatest value in 
the hands of Mr Stead, who has shown that it is the only satis¬ 
factory method by which carbide and phosphide of iron can be 
distinguished when associated in iron. It is usually sufficient- to 
heat the specimen on a hot plate, but if any definite temperature 
is desired a hath of molten tin or lead may be employed. Modifi¬ 
cations of this method consist in heating the specimen in gases, 
such as sulphuretted hydrogen, in order to obtain a film of sulphide 
or other compound in place of the oxide. 

In special cases etching may be effected by means of gases, and 
the author has found this method of great value in the study of 
oxides in metals. For this purpose hydrogen is used, the polished 
specimen being placed in a heated combustion tube through 
which pure dry hydrogen is passed. The oxides are reduced by the 
hydrogen, and incidentally the crystalline structure is developed. 
This, however, is simply due to the heating and not to any action 
by the hydrogen, as the crystalline structure is equally well 
developed by any neutral or non-oxidising gas. 

The methods of etching are so numerous that it is impossible 
to deal with them except in a general way, but the more im¬ 
portant reagents may be briefly described. 

For steel and iron alloys the most useful etching agent is a 
5 per cent, alcoholic solution of picric acid. The specimen after 
polishing is merely dipped in this solution for a few seconds and 
then washed in alcohol and dried. 

For bronzes, brasses, German silver, and nearly all copper 
alloys a 10 per cent, aqueous solution of ammonium persulphate 
will be found the most satisfactory. This reagent was suggested 
by the author many years ago on account of two useful properties 
which it possesses. Firstly, the etching is effected by simple 
immersion of the specimen, no rubbing being required as in the 
case of some other etching agents. This is an important con¬ 
sideration with soft alloys which are very easily scratched by 
rubbing. Secondly, the action takes place without the formation 
of gas bubbles, which are always liable to adhere to the polished 
surface and cause uneven etching. One precaution, however, must 









be observed in the use of ammonium persulphate -tho polished 
surface must be absolutely free from oil or grease. To ensure this 
it is advisable to give the sample a preliminary treatment with 
soda or potash, followed by washing in water before immersion in 
tho persulphate. 

For antifriction and other white metal alloys a perfect etching 
agent remains to be discovered, but strong hydrochloric acid will 
be found as useful as any. 

Aluminium alloys may be etched either with dilute acid, 
preferably hydrochloric, or with onimt ie soda or potash, 

Silver alloys may ho etched with nitric acid ur ammonium 
persulphate as in the case of copper alloys ; and gold alloys require 
the use of aqua regia. 

The complete mieroHeupieal examination of a metal or alloy 
should be carried out in throe stages. First, the specimen should 
be simply polished and examined under hot h low and high pernors, 
This will afford information as to the relative hardness of tho 
constituents, and will also reveal the pn^mum of blowholes, creeks, 
and included foreign matter, such an stag, cinder, or unalloyed 
metal. Tho second examination should he made after slightly 
etching tho polished surface in order to distinguish the con¬ 
stituents. This is tho most difficult part of the whole process, 
and groat care should be taken nut to overdo the etching. Tho 
safest method is to etch very lightly and examine; then otoh 
a little furthor and again examine, and continue the etching 
until the separate constituents are clearly shown. For the third 
examination the specimen should be deeply etched with a Hlrongur 
reagent in order to show up tho crystalline Htrueture of the metal. 
The first and third examinations can usually he carried out with 
comparatively low magnifications, Imt the wwoiul often requires 
magnifications of a thousand diameters or more to resolve an 
alloy into its components. 

If it is desired to preserve the specimens for future reference 
they may either be oiled or the polished surface nutisteued with a 
solution of paraffin wax in bonaol. Thin leaves, im drying, a thin 
film of paraffin which can easily be removed whim the specimen 
is required for re-examination, by wiping with a cloth moistened 

■Mfu ^finzol. La Ohatelier recommends the use of a solution 
s ~ myl aoetatc, which leaves a thin film of trans* 
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parent varnish. This film does not interfere in the ]oam(, with tin* 
examination of the specimen even under Mai highest powers. 

When the specimen has been prepared it retjuires to lx* 
mounted in order to piano it on the singe of the microscope, am! 
this mounting requires a little earn in order that, the Hurfueo may 
be at right angles lo the optical axis of (ho inirruseopo, With 
a littlo practice this dillietdty run be readily overcome ; but one 
or two mechanical devices fur ensuring a perfeetlv level Murfaee 
may be briefly described The .simple-,I of (hew- merely eum-ustH 
of a number of short lengths of br.i ■- t ula- of dillereuf diameters 
which have been esrefnlly euf ,-m iha( (heir ends an- perfectly 
true. Thu specimen lo be examined m j,lured on a glass nhjt, 
with the polished surface downward and a brass (ntu- is selected 



winch will just pass ov-r lie- ef.rrnnm. A «p,sii,tnv Of elav or 
soft wax is (hen pre^-d into the mbe mntaiiung the HjN’i'imeit 
imtd it more than (ills (lm lube, nu«l then n ahp is p| ;M ,,i 

on the top and pressed mb, contact with the brass ring. Am.thn 
device has been placed upon (he market, urn! is shown in fig 21 
Hits ooiihihLh of two horizontal plat,-.,, the upper one being e,»p«ble 
of vortical movement, but always remaining parallel to the 
lower mm. The specimen is placed ugh ,t, poshed 
the owor plain, and the upper plate, eau.uug n -dip to 

whioh Homo Ktiitahle clay or wax in atta.-hed, m lowered nito eon 

fot If ,m„mnry it it , .. 

mounting medimu has set. 

To obviate the necessity for mounting the Rtwt»nt*u utvem! 
oonvcuncmt metabholder« have been M, Fig 22 in a dmph 

el "T of « ««**» «trip with a mM 

m winch thorn is ifu ajairtur®. Th« njwdmtn i* hild with 
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the polished surface against the under side of the aperture by 
means of elastio bands. 

Fig. 23 shows a combined metal-holder and levelling arrange¬ 
ment. The specimen is held by two rotating jaws, and can be 
levelled by means of the screws A, B, and Bl. 


. 

Fig. 22. —Simple Metal-holder 
for Specimens. 

It is obvious that the examination of metals must be con¬ 
ducted by reflected light, and the illumination may be either 
oblique or vertioal. Oblique illumination is only possible with 
low powers, and for this purpose natural illumination is some¬ 
times sufficient. In most cases, however, a parabolic reflector is 
desirable, if not necessary. A convenient form of reflector is 
that known as the Sorby-Beck reflector, and shown in fig. 24. It 


Fig. 24.—Sorby-Beck Illuminator. Fig. 26 .—Mirror Illuminator. 

» made to fit on to the objective, and is also supplied with a 
sraa|l vertical reflector which can be instantly placed in position 
or dispensed with by a turn of the screw. % 

For high-power work the illuminator must be plaoed behind 
the objective, and the reflector in this case may be either a glass 
or a very thin glass disc placed at 45° to the optic axis. 
- 4 "' t ' v *'"**"« illuminator are shown in figs. 25, 26, and 27, 
the case of the disc reflector only a portion 





Fig. 23.—Combined Metal-holder 
and Levelling Device. 
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of the light is utilised, whereas with the prism the whole of the 
light is reflected. This may be a distinct advantage when a 
powerful source of light is not available. It must be noted, 
however, that for use with a prism illuminator the objectives 
must be specially constructed with short mounts so that the 
glasses may be as close to the prism as possible. Both illumina¬ 
tors may be fitted with stops or diaphragms, so that the amount 
of light admitted may be varied as desired. These will be found 
useful when the section under examination has a brilliantly re¬ 



flecting surface, and also when high-power oil-immersion objectives 
are being used. 

As regards the optical equipment of the microscope, three or 
four objectives and two eyepieces are all that are required for 
ordinary work. Two projection eyepieces, described by the makei’s 
as No. 2 and No. 4, should be chosen, as they are specially 
adapted for photographic work, and in conjunction with objectives 
of 16 mm., 8 mm., and 2 mm. focus will give any degree of 
magnification from about 50 to 2000 diameters. For very low 
magnification a projection lens of 35 mm. focus, and used without 
an eyepiece, will be found useful. 

The following table gives the magnifications obtained with 
these objectives calculated for a tube length of 160 mm. and a 
distance from the eyepiece to the focussing screen of 1 metre:— 
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effected on the screen by means of a rod and Hook’s key 
arrangement. 

Fig. 32 illustrates a form of microscope by Reichert in which 
the stage is placed in a horizontal position so that mounting of 



Fig. 30.—Vertical Microscope and Camera. 

the sample under observation is unnecessary. Two tubes are 
provided, one for observation and another at right angles for 
photography. The optical arrangements are shown in fig. 38. 
A beam of light from any suitable source is reflected from the 
prism Pj through the objective on to the speoimeu and baok 
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through the.prism P 2 . After focussing, the prism P 2 is rotated 
through an angle of 90° about an axis at right angles to the plane 



of the stage, which throws the beam of light through the second 
tube to which the camera is attached. Fig. 34 shows the complete 
outfit for photomicrography. 

Success in photographic 
manipulation can only be ac¬ 
quired by practice and experi¬ 
ence, but a few hints may be 
useful to those who are be¬ 
ginning the study of alloys 
by means of the microscope. 

In the first place, the use of 
a light filter placed between ^ 33 ._ 0ptlca i al . 1Mgement 
the source of light and the Reichert Microscope, 

microscope will give better re¬ 
sults, and if the source of light is an arc lamp, a piece o 
glass of the kind commonly known as “signal” green 
found perfectly satisfactory. Any well-known brand of 
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graphic plates may be used, the speed of the plates aeleoted 
depending to a groat extent on the source of illumination. If 
a woak light is being used, then rapid plates may bo used to 
shorten oxpoaurea; but if an are light m employed, tho platos 
dosevibod by tho makers an “Ordinary " will pvubafdy bo tho 
most useful. An exposure of approximately 5 seconds is tho 
most convenient; if longer there is risk of movement, and if 
shorter than 3 seconds it is diilmult to time them aonuratoly 
without a shutter, and the use of a shutter involves serious risk 
of vibration unless very carefully arranged. 



Fid. 84. -IWtmerl ami I'suiem, 

Slow plates are sometimes recommended m possessing liner 
grain than rapid plates. There waa some reason for this in tho 
early days of the photographic dry plate, but tho grain of the 
fastest modern plate, oven when using the highest powers of the 
microscope, is negligible. A commoner mistake, ami one fnn 
quently found in texttHK>ks, is the statement, that slow plates 
are preferable as they give greater “ contrast." The worst fault 
whieh every beginner in photography has to overcome is this 
temptation to produce negatives with great contrasts, and a largo 
majority of pubHihed photomicrographs under from the same 
defeot. Harsh oontrasta are seldom sewn under the microscope, 
and are usually confined to cracks, blowholes, and certain slag 
inclusions. When they occur in a photograph it is usually the 
result of bad photography or bod etching. 

In order to obtain the boat results, backed plates should he 
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employed, as halation, or reflection from the back of the plate, 
is a common source of trouble in photomicrographic work. 

When photographs are taken it is important that standard 
magnifications should be adopted. The great value of photo¬ 
micrographs as a recoi’d lies in the readiness with which they 
can be compared, and this is rendered extremely difficult, if all 
degrees of magnification are used. It was pointed out in the 



Fig. 35.—Stereoscopic Microscope. 


preface to the first edition of this book that experience had shown 
that magnifications of 100 and 1000 diameters fulfilled all that 
was necessary in the great majority of cases, and these standards 
have been adopted by a large number of metallographists. 

Before leaving the subject of microscopes, two instruments 
may be briefly described which have proved of service in th/ 
study of metals and alloys. 

Fig. 35 is a stereoscopic microscope which has proved useful 
in the examination of uneven surfaces such as fraotures. 

Fig. 36 is a micrometer microscope of recent introduction 
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wliioli is likely to prove of great nervine i.o the metalling 
is capable of measuring distances up (,o 20 mm. with an a 
of 0*01 mm., and a useful feature of the instrument is ■ 
loosonitijjc tin- serow K tIn* stem of tho mieroseupe can bo 
out of tho split alcove 11, thus separating the .stand fn 
upper body, whic.h nun thou he secured by its stem 
laboratory stand and used in any position desired. 



model of thin mieroseopn 
■signed for the men,sit nun 
two distances at right, an 
each other. 

MoHMircment of Fall of 
perature during Solidiflc 

In 18*1 Dr (tuthrie pul; 
the results of au investi| 
dealing with eham-es whirl 
plaee durum the holidltienl 
alloVh, and Ite emues (r, 
eonelu- inn that there in a 
'maln.ry hi-l w eeu the sola 
toui of molten granite and a 
dloy. Juht a.s, in th.- eat 
« utii'ia of molten granite, 
puirl/ and felspar eryslallist; 
leaving tho mien still (luit! 
’ii the ease of an alloy rn 
eoustltUeUta solidify nntil ' 


Fw. 80. Mcuunn# ,Ulo >Y ,,f Luapern 

of fusion ” is {eft hehiml. 

most* fusible alley of the serioa Guthrie mlln the o/frmr alloy, 
h© points out that the roust ituentH of this alloy are nut in sin 
atomic proportions, “Tim constitution of euteetie alloy.-,," 
•ays, ‘‘is not in th© ratio of any simple multiple of their elm 
°al equivalents, but their composition is not on that account I 
fixed, nor are their properties lew* definite." 

Guthrio was only able to tlml with alloys of low melting pot 
and, owing to tho experimental dithmdtie* involved in theaeeun 
measurement of high temperature*, this method of investigatl 
was praotieally neglected until the introduction of the he Chat el, 
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pyrometer. The study of pyromotry bolongs rather to the domain 
of physics than metallurgy; hut the use of pyromoters in tho 
study of alloys has become so important that a brief description 
of tho more usoful types may not bo out of place. 

Pyrometers suitahlo for tho study of alloys, where the tempera¬ 
tures of small masses of metal havo to bo accurately determined, 
may bo divided into two classes: 1, rosistanoe pyrometers; and 
2, thermo-electric pyromoters. 

The measurement of tornporaturo by means of the resistance 
pyrometer depends upon tho increase in resistance of a platinum 
wiro when boated. In the Gallondar <fc G-ridith’s rosistanoe 
pyrometer a lino platinum wiro is wound on a mica frame, which 
is enclosed in an enter protecting case. Tho ends of tho platinum 
wire are connected hy copper leads either to a diroot roading instru¬ 
ment or to a clockwork recorder. In order to avoid tho intro¬ 
duction of any error duo to the variation of tho tornporaturo of 
tho wires connecting the thermometer with the rocordor, two 
similar loads, not commoted with tho coil, arc passed down tho 
whole length of tho thermometer. This thormomoter may either 
he oonneotod with a diroot reading indicator or an automatic 
recorder. 

The measurement of high temperatures by moans of a thermo¬ 
electric couple was suggested by Bocquerol in 1826; but a 
satisfactory couple was not obtained until 1887, when Lo Chatelior 
published his researches on tho platinum — platinum-rhodium 
couple. In this apparatus the couple is formed by joining or fusing 
together tho ends of two wires, one of absolutely pure platinum 
and the other of pure platinum alloyed with 10 per cent, of 
rhodium. When one junction of those wiros is heatod an electric 
current is generated, and this current has boon proved, by com¬ 
parison with the air thermometer of tho Royal Physical Institute, 
to bo proportionate to the boat applied. Tho wires arc 06 
millimetres in diamotor, and tho current generated is approximately 
•001 volt for every hundred degroos Centigrade. 

In order to protect tho wires from injury they are enolosed in 
porcelain or fireclay tubes. The Royal Porcelain h aotory in 
Berlin manufacture tubos which will resist a temperature of 
1600" O., but a simple fireclay tube is often quite satisfactory, 
Tho oouplo is inserted in the tube with a thin strip of mica between 
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Fig. 38. —Sectional Plan of Roberts- 
Ansten’s Autographic Recording 
Pyrometer. 


the wires in order to prevent a 
short circuit. The other end of 
the wires forming the couple 
should he maintained at a con¬ 
stant temperature, if accurate 
measurements are to he taken; 
and to ensure this they are en¬ 
closed in glass tubes, which are 
immersed in ice or else in water 
whose temperature is. accurately 
known. The thermo-couple 
measures the difference in tem¬ 
perature between the heated 
junction andthe “cold junction.” 
The copper leads are connected 
with a galvanometer of the 
d’Arsonval type, which may be 
arranged for direct readings or 
used in conjunction with an 
automatic recorder. In the auto¬ 
matic recorder devised by Sir 
William C. Roberts-Austen a 
mirror galvanometer is used 
and a beam of light is reflected 
from the mirror on to a narrow 
horizontal slit, behind which a 
photographic plate is caused to 
move vertically either by clock¬ 
work or by means of a water 
float. The arrangement of the 
apparatus will be readily under¬ 
stood by reference to fig. 37, 
which represents the pyrometer 
used with &uch admirable results 
by Roberts-Austen at the Royal 
Mint. 

The camera is about five feet 
in length and is supplied with 
three doors, so that the galvano- 
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meter is accessible for any necessary adjustments. Connected to 
the camera by a flexible leefher beilowK in Urn apparatus which 
contains the moving photographic plate, p is the galvanometer 
which can bo placed in one of two positions, according to the 
range of temperature to bo observed, Inside the camera and 
immediately in front of the photographic, plifte is the focussing 
tube T, containing a lens I, which reoeivoH tho H^ht from the 
mirror II and throws if, on to the galvanometer mirror. Any 
deflection of the galvanometer mirror causes the spot of light to 



Fm. 39.-Kx.nni.lr .g*c'nli!,ufFyimuetw. 

travel along tho slit, and thu« traces out a curve on the moving 
photographic plate. h 

Now it b evident tlmt if the mto .. ,, llwta „t 

tho our™ would bo tho Himph, mo.li„( 

at right angles, and would tl.mvfw ho „ ntmighl 1.. Hut 

the rato of oooiing always hen,.. b |„w,t k, the body Inroiuo. 

ou™, r 'o“ f n l r “° tm ! mm KiV "“ l ' v 11 w “ n,1 « i« a emnoll, 
oum of the form shown in the lownr pern, of tho enrvue in 

. 5 thB ft °™ooouple, suitably protected, is dipped into 

dlo*dT ""fT “ 8taI ~«PP« r , '“<• example—which h 

■bowed to cool slowly, a different eum is obtained, The 



METHODS OF INVESTIGATION. 


85 


temperature falls steadily until the metal begins to solidify, 
but at this point the temperature remains constant, owing to 
the latent heat of fusion of the metal, until the whole of the 
mass is solid. After this “arrest” in the cooling the tempera¬ 
ture falls again in the usual way. The resulting curve, then, 
is similar to those shown in fig. 39 (which represents the 
cooling curves of the metals tin, lead, aluminium, silver, and 
copper, together with two straight lines representing the boiling- 
points of water and sulphur respectively), and this is a typical 
cooling curve of a pure metal. There are two possible modifica¬ 
tions, however, in the case of pure metals which should be 
noticed. The first of these is observed when the metal is 
cooled slowly without being disturbed. Under these con¬ 
ditions the temperature sometimes falls two or three degrees 
below the true freezing-point of the metal before solidification 
begins. The freezing of the mass is then accompanied by a 
sudden rise in temperature to the true freezing-point of the 
metal. This phenomenon is known as surfusion, and it will be 
remembered that it also occurs in the freezing of water and other 
liquids. An example of surfusion is seen in the cooling curve of 
tin in fig. 39. 

The second modification of the typical cooling ourve is not 
frequently met with, but occurs when a molecular rearrangement 
takes place in the metal at some temperature below its freezing- 
point. In other words, the metal at a certain temperature passes 
from one allotropic modification to another. A molecular change 
such as this occurs in the case of iron, and is accompanied by an 
evolution of heat, which is shown in the cooling curve. A further 
indication of molecular change is shown by the fact that the iron 
becomes magnetic below this temperature, while before it was non¬ 
magnetic. Similar results are obtained in the case of nickel. 
The magnetic properties of the iron and nickel alloys will be dealt 
with later. 

A number of melting-points of metals have been accurately 
determined by means of the air thermometer, and these, together 
with other well-known temperatures, are employed in the calibra¬ 
tion of pyrometers. The most useful temperatures for calibration 
purposes are the following:— 
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Boiling-point of water . 

100* 

Melting-point of tin 

232* 

Melting-point of lead 

326* 

Boiling-point of sulphur 

. 448* 

Melting-point of aluminium . 

. 057* 

Melting-point of silver . 

ycr 

Melting-point of copper 

. 1084 s 


It is absolutely necessary that pure metals ho used, and in the 
oase of the boiling-points of water and sulphur the thermo couple 
must be placed in the vapour of tho boiling' liquid and not in the 
liquid itself. Fig. 3!) shows an actual calibration of a Roberts- 
Austen recording pyrometer. In tho first place a “datum” line 
is taken by letting the photographic plate run while tho galvano- 
meter is at rost with no current passing. Tho plate is then run 
a second time with tho thermo-couple immersed in melted tin 
contained in a small crucible, and su on, all the curves being 
taken on one plate. Tho distances between tho datum lino and 
the various points are then measured on the plate, mid, if a curve 
is plotted on squared paper with these distances as abscissa! and 
tomperatnres as ordinates, an approximately straight lino is 
obtained from which any other measurement of temperature can 
be easily read off. 

It is advisable that a fresh calibration he made from time to 
time to ensuro that both galvanometer ami thermo couple aro in 
proper working order. 

In cases whore considerable ranges of temperature have to bo 
measured, a pyrometer, such as that just described, is open to the 
objection that the large angular deflection of the galvanometer 
mirror is liable to strain tho suspending wires and thus introduce 
a serious error. To obviate this diflUmUy the current from the 
thermo-junction is not allowed to pans directly through the 
galvanometer, but is opposed by a current from a standard Clark 
cell, which can be regulated and measured by moans of a potentio¬ 
meter introduced in the circuit. In thin way only a portion of 
the thermo-eleotrio current passes through the galvanometer, and 
the mirror is only deflected through a small angle. An apparatus 
of this description, howover, required a special arrangement, as 
the movement of the spot of light has to be watched and tho 
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electrical balancing of the current carried out during the opera¬ 
tion. In this case the galvanometer is not enclosed in a camera, 
but the room in which the operation is carried out is somewhat 
darkened, so that the spot of light can be seen travelling along 
the horizontal slit without fear of fogging the photographic 
plate. 

Sir William C. Roberts-Austen, in his classical researches at 
the Royal Mint, employed a water clock consisting of a float 
carrying a -photographic plate which moved upwards between 
guides. The whole was enclosed in a case provided with a 
horizontal slit, through which the ray of light from the galvano¬ 
meter mirror might pass. In this apparatus Roberts-Austen 
introduced a further improvement, by means of which very small 



Fig. 40. —Apparatus for Differential Curves. 


variations in the temperature of a cooling body could be detected 
and measured. This method, which has proved to be of the 
utmost service in metallurgical research, is known as the 
“ differential ” method, and the arrangement of the apparatus is 
shown in the diagram tig. 40. 

B is the mass of metal under examination, and A x the thermo¬ 
couple connected in the ordinary way with the galvanometer G r 
At A, however, a second thermo-junction is formed which is 
surrounded by a mass of platinum, C, aud connected with a second 
galvanometer, G 2 , as shown in the diagram. In this way the first 
galvanometer measures the actual temperatures, whereas the 
second only receives such current as may result from the opposing 
couples A and A x —that is to say, it measures the difference in 
temperature between the masses of metal C and R. 






By using three thermo-couples instead of two the connections 
can ho simplified, as shown in fig. >11 (hoc p. I HO of Itoborts- 
Austem’s Introduction), and this is the arrangement generally 
adopted in taking different ial curves. 

If it is desired to make the irregularities of an ordinurv cooling 
curve appear very pronounced, the curve may he plotted by the 
inverse rain method us first employed In t i.smond in 188(5. In 
this method Urn intervals of time taken by the sample to oool 



..ough equal doormmmtH of temperature arc notml and plotted 
in terras of the temperature. 

hor works purposes many other forms of pyrometer are largely 
ployed) such as optical pyrometers, radiation pyrometers, ote. 
ese instruments at© fully deseribed in the Intr'adurtnm to the 
tf MttaXlwrgy in this series, and it is therefore uimecossary 
do more than merely mention them hero. 

Mechanical Separation of the Conetituentu of an Alloy by 
ating to Definite Temperatures and Pressing out the Liquid 
ction. Experiments in this direction are dilfnmlt to carry out, 
j the results are instructive, and serve to confirm the eon- 
sions arrived at by the study of the cooling curves. In 1884 






Guthrie described the method and gave some results which he 
had obtained in the ease of alloys with low melting-points. Very 
little appears to havo boon done since, bub within recent years 
Koburts-Auston made use of the method in his investigations on 
the properties of the brasses. The alloy is placed in a stool 
cylinder provided with two loose plungers, upon which a pressure 
of about half a ton per square inch is maintained by means of 
a hydraulic press. The cylinder is gradually heated and the 
temperature determined by means of a thermo couple inserted in 
a small hole drilled in the cylinder. As the temperature rises, 
a portion of the alloy liquefies and is squeezed out between the 
plungers; by analysing the extruded portion and noting the 
temperature at which it became liquid, a very clear idea may be 
gained of the order in which the constituents of the alloy have 
solidified and of their approximate compositions. 

Change in the Magnetic Character of Alloys during Heating 
and Cooling, This method of research is limited to a few alloys, 
but has boon of great, service in the ease of steels and iron alloys. 
Iron, nickel, and cobalt, are the only metals which possess the 
property of magnetism at the ordinary temperature, and it is well 
known that these metals, when heated, lose their magnetism at 
oortain definite temperatures. On cooling they again become 
maguetio, but usually at a temperature somewhat below that at 
which they ceased to be magnetic; owing to a resistance to 
change in the metal, to which the name hymterem, has been given. 
The temperatures at which these metals lose and regain their 
magnetism are known as the points of transformation, and it h 
generally supposed that the loss of magnetism is due to at) 
ftllotropie change in the metal. It is of considerable interest, 
therefore, to determine the magnetic properties of tho alloys of 
these metals and the influence of other metals on the points of 
transformation. Komo'motaU raise the point of maguetio tram 
formation ; others lower it.. Nickel, for example, although itself 
maguetio, lowers the point of transformation of iron ; and an alloy 
containing 25 per cent, of nickel requires to be cooled to - 50" 
in order to attain its maximum degree of magnetism. 

The magnetic properties of the iron alloys have been studied by 
La (Jhatelier, Osmond, and Mine. Curie, whose original papers 
should be consulted for further details. 
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Until reoently manganese has boon regarded an a non-magnetio 
metal, but it would seem that it is capable of assuming a 
maguetio condition when alloyed with other metals. Attention 
was first called to tho fact by Hogg at the meeting of the British 
Association at Edinburgh in 1892, and his observations have 
sinoe boon confirmed by Honshu* and others. The principal 
magnotio alloys of manganese are those with aluminium, antimony, 
tin, bismuth, arsenic, and boron. 





UH APTKH IV. 

THE OONBTJTUTION OP ALLOYS. 

Tub nature nud oomditutmu of mctsi* and at Inyo imltimtS? 
attracted the attention of fhe euIv umtaHtugmin, tun! U«»Uul* 
Auntan han {wonted out that Ai-lmd, Mm>sehrod*rm*k» mud 
RtSaumur were nil ciump'd m the nfud\ <>f alloy* in tin* eighteenth 
century, but if would u}.j>m»r that Hoyle w«« the first to mtggeat 
the line of thought which bun led in mir j in-sent views *»# the 
constitution of met ala and alloy* !H»niwtni; the at* tea «»f matter, 
lie aayi: 11 Even mich im are n»»h>{ may n yei inmly !im« ttinr hufe 
atmospheres" ; am! Im add** " Km m< man, l think, hst» yet tried 
whether glams, and even gold, may imt m length »f liine I«sr 
their weight.” 

Boyle whh therefore nlearly of the opinion that, tilt mlbl «tnt« 
of matter wu not far removed from, and #m in feel 
accompanied by, Urn liquid or g«.«*«.mn and two htimimi 

years later hm U*lmf wan proved f« \m correct by fl«» ps|«*nmeiit» 
of Merget and I*«n*mrc»y, 

In IHtJO the name nugg** >t imi is mad*' 1*v Matt!uew«*t», who, piJt#f 
dmeribing hta <w|>orm*out’* »m tin- ••!>- -timid manbrnfivity of alloy**, 
»y»j " The qu nation fmw nn h-, \\ hat a**-* all* ys t Art* they 
chemical tumdtiimfium», «<r a solution of muh notni in another, or 
mechanical mixtnrenl And to wlmt m the t ij-.4 drrre«»«mt m 
the (Kindmding jmwnr m many enema due ? To the first of thtpw 
questlona," he adds, ’* I think we msty answer that mw»t alloy* are 
merely a solution of one sm-tid m the other, that *4% in m few 
<mm nitty we mnmm rhrt»n*al combi mit tun*/’ Thtm ymm fetor 
Graham tforUmi hm Mud that fit# p»l|tl f l«|*itd t att4 $mmm 
»tatt« pndatbly always eoc*»ai m tmrry m\kl tiitoteirw* and hi» 
fl 

























Till', ( u.Vs'i ri I ’! M‘N *«l \! I ‘»* >. 


tin* cnnrlu’Ui 'in w hnh * »••• *n ■» v ‘*» ’* '' ! h<1 ’ * 1 :!i1 1 

ovich'iioo of *ho Hiirro ,•<>?* 

If ii. tt'mjwr.'itMri' r«'*-*-i-h ■" •- "< h ’ *'’ > ! - '• u 

HiOtill ti«fiu H l« t,!.. . « 1 . ■' 1 f • >V* n**--?*’ ’ 1 
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utoolmnioal means, nurh :i , !ilf ra? i„ h , !lihu . , 

Tho olmraoUTiHUrs of * ^”> 

tho dissolved mibstumv cnuum hv «iw,vi,Vu,,,j T * ° f 

by moolmnioftl means, N„ w u„. ,, um , ,i,^i n . f ^ ,f ‘^njmraled 

to solid bodies, In a nnevt „f irs ,l.f, fur , ‘ V' , , i ,,,l> . 1,M tk W ]ml 

tho silver cannot be defi ned „„,L. fi , ) V* * ! ' n £Ut,m tf mlv «r, 

mioroscopo, nor Je it capable „f “.,^1 }"™ m ,“ f . Ul * 
Th„ alloy „„li,li,„, v i,*.,,,',’ “’" ™!' au,t ’‘ 1 

a pure .natal, awl the , lnl ,i lv „f ,1,',. „ ' , f> 

Van't llolT thrreforu ,, 1 'V.' uil11 " 

and the oxpnwioa ia now ,o p, ior.il 
Solid KolntimiH, however, mat- „"t» <V1 t ,„ i, , 

they may , ul .y i„ B ,..""i 

"man c 1U autity of tin (w.t .neredi,,,, « .. , “""' K * 

mto two ooiiHtituonta; l„„, j,. ' /. "V*** 

As tho mass oool, down, .Innwt 

90 that, as eolMiOeatiun proer,,!, , 1 at first. 

*—~.iX2sz£ a r', .. 

photographs 9 and 10. ' an .. In 

do^^f^llUytTClT """ T"""' r ’ ' mt th “ 

t r “ 

xwtnbl. Tho,™ „oIul,i,m s . 1V,!» ,tfiw.7!7,''i l ’“ t T" 
are soldom ft,and, while ,-rv t .ll.i , ,T 
orystale aro predominant, (ht auor i|io,tV " f "™„ of 

structure ie rei.Wl i„ . l|: ' l ‘""" v '' r > «>», rr.vutailitio 

Photographs 27 mul 31 *** 1 t,r . v »bdihn) structure, 

lV>0,aid34„fj; ,-“" |,lra tlw ’’O'hailiiir, and 

he noted in the eryutallnw .'trueimv ".“iVmT'rulH, U ‘ 

pmluow abundant twinning of tt,» , ' m ' hmumenntf 

“7 l0 *T O “ ofWn "i“BiOTn<,t I1 ,a,r y ' l "‘ * “ " 

of a pur? euTtto VSIT2 * UrW '**“' * Hb,l ’ h that 

“ anotho “It 72 ? m 7 1 * b ‘ k ' , “ <lf * uietal 

mow has heen added, the curve h* „f 
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throe kinds: {1) It. tiwv slum «, lunid" bir,»k ut a ti n.} ' uiimr 
below that, of the pure im-tal, iihowing that the nlb«y v-\ a ^< 1 1 .i 
solution or a pure * ui* * i u\ i If nop ie-w, t w >. hi.- dm, \ »»th 
lower thiut that, of fin* pure m* t.d, ;.!»»•«.tin* ’.Uni the alloy »*«.ui-urn 
two const it uent-i uniting nt liilh i rut t. n.* r . i if ui.-- in t«*»t 
OftMOS, out* of fIn' f..u tifu> jit's will tti* found l<i l.n a rtllrrUr , 
but they may both he ’ nlut i<<u« I>r Mitr of tlnm joftV he a 

OMJIpOUud. (3) If I he curve (iii<mn Iw.t hi ejthn, *»u«< hasher than 
the molting jaunt of fh" pure so. fid, if ta o h<- ».d,. u h.i yiantcd 
that thi* break W due to f he lulu-id J u lit a »• rompowitd 

The typee of t'.urveu Will be limto fully tfealt »i!h hil« r„ bid ili 
the meantime We luu»l dHu.e the ('lpifjeuoU<t rufr,-tw and 
comjHiuttil, and eojeuder their mu ion-Mpo .d apjwafam't', 

The form n euCr. he " wan til’ll Un-d by tbit hue to Jfidteat** 1 jir 
mixture or alloy p<<- ri-iHa; the b»*«-of freezing point of » 

Thi« fm-pilig point n aSa.tis l«»Jo» tint , { the IU* .tii of the OH lahi 
tif wltii'h it iff romjf>s. I The enter! se nf ruetnte IS c -so?-me I »<f 
the different rmoshfuenls in but the «ti netum in 

always very rmmti .ui-i rr.jtmm a high magtuisfaii.m |..i it-' 
renolfttion. The »‘i>u j »hl u« nhs of n «’u!r<> lie tisay twi'iit in cii! \ e d 
plaftm or kmmt**, m tu globule*, and nthm or U.th m%y I# 
him file Umiak, Mohd Rolnti'-un, ..5 o.iit] Mitteln, Ty J*”* of m»f*»ettr 
HtruetureM are nhottti tu phot.-ei h, 7, H t «nd Iff, Titny mm 
very ulmraotemf tr, and oinn.-f i** mmtokoM, 

The term **r turtaUu* emnpimmi h applied to tboar 

0(»n«titm<ubs of cerffW* alloys wtiudi rrseuddn chrlHiraS rorojsoufnk 
in their properties The formation trf itirse n»wip<.«nd* ns 
ftt'ei!»!}»(turd by >m etodutinn uf ttraf, ntnl they utp alunmt 
invariably hard and buttle, %%til* midling pmnU ht^lirr itwii the 
mean nf th« tr rtinafitneui's The met dts **( tthudi they am com 
jK«ed I’ondmie, a« nearly «« ran br judged, itt Hb.ujji- pr«<|«iitioua , 
but their eumpeilljMii rauttoi ra*dy Iw >Irb iouto d, ns* they &ff> 
ncon'UotmUv tlxiuldn Mi, Of ilie|nnej%r% •Il'W-.nJv«•, the jiietala i*f 
which they am . They run catndly be isrp.ualrd frota 

an itlksy hv dns?e*H»itg away the miriininditig metal, either with or 
without thn Aid of an #slr»-ffir rurrent, but it |« ttiipt^itbl* to my 
whether thn com|Hitmd limn It pum op um, MttidfJe 

eompiumcia emu uanall? be deteetodl uttif#r llw mtem 

th«y Impjmn to bo »ohibl« in oitu of tb# «tl»r MiiipCflMitt* m l» 



ALLOWS. 


sometimes, but not fm,,molly, ... n,.„ 

tal ® out in well formed orymals ™hiW, init on7'^“ 

but more often they simply a» nrvatali U- 11 . 

grouping of tlio nrystalliios „n,, n It """ v “ r ' 11,0 

form. Photograph 3, fur ..,, 

arrangement of orvulniliioH, and lb.. ' I " ,ut0 

graph 4, which W led f „ ^", 1 •» 

show, a woll-forraad angle .. v „.. , ' 

Photograph B shows a w,.!| ervaHl , lf „.. “ nu “- 

ooourring in tho alloy. This is ,, ■’"■■ipoun.l 

oase, as it ia not usual to tool i.w„ , _ 1 f 

compound, Compounds ..^ ^ “« ^™ ""limd 

such as phoaphoms, torn, very wall ... enmp.Hmds 

Having; now {uinaidojyd tin* nuvdhht . 
and tho typoa of ^ “Hoy 

step is to follow tho ooo, ,,,.,.1,.., ,, f Ip,,,!’"" ', "" xl 

any two metals. I„ order m do U,i„ n 1,™ nu IT /"’T" 
Qiima must bo taken of alby* vttnil|( , in " 1 t,f 

structure examined ml" CT''™ ^ 
breaks in tho curve* are m*t *Li J\ n , n ‘T”' ' mnuUt w 
with compositions and temnoL,« m . -- ! ,l n,,w m,rv « 

freezing-point of any alloy «au be Zu V^' 

has boon described by (Jautior an,! <mrVft 

the f ‘ootnploto froozun-'-ntiitif tMt l v »«/!*!"* K '' n * ,r,li l v knmvn as 

Lo ^-bafclior has binary alloy t ^ HUo * W ' 

of fusibility under throe homlo: . * 7 httVI, ‘* r U *' muU tmr * m 

pointa of tho fr '"" 1 h " 

the outootio alloy, A cuirvo of thi i *' Mnv 'doling to 

‘ho two matals are rnlt iao, ! .. *'«-> 

compounds. ^ lm,H Hm * *i'd. form definite 

bismuth, hrfong tl”^ iH a "lap‘’ 1 " a ' i and 

*.■*"«<•-*■ 

poiut duo to tho formation af il * * u * having a maximum 
erossing ‘he other two L two ,1! "“" an.i 

-“los of this group am .»"(?“■‘wnoutoolta. 

V and nickol and tin " “‘ 0 ^ “ f «W« and 
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3. A single curve uniting the melting-points of the two pure 
metals. This is a case of pure iso¬ 
morphism, which is comparatively 
rare amongst metals. It is, how¬ 
ever, shown in the case of the gold- 
silver alloys. 

The microscopical examination of 
typical cases of these three curves 
will illustrate their meaning. As 
an example of the first curve we 
will take the alloys of lead and 
antimony. The freezing-point curve 
of this series shows a minimum at 
a point corresponding to 13 per 
cent, of antimony. If the alloys 
containing less than 13 per cent, of 
antimony are examined under the 
microscope they are found to consist 
of soft fern-leaf-shaped dendrites of 
lead surrounded by the eutectic of 
lead and antimony, the amount of 
the eutectic increasing as the per¬ 
centage of antimony increases until 
the alloy containing 13 per cent, of 
antimony is reached, when the whole 
mass is composed of the eutectic. 

When more than 13 per cent, of 
antimony is present hard crystals 
of antimony make their appearance 
in the eutectic, and these increase 
as the percentage of antimony in¬ 
creases. Owing to the superior 
hardness of the antimony crystals 
they are easily visible by simply 
polishing and without any etching. 

The second type of curve is 
well represented by the alloys of 

copper and antimony. In this series there are two eutectics 
corresponding to the alloys containing 25 and 71 per cent, of 




Fig. 42.—Three Curves repre¬ 
senting the Constitution of 
Binary Alloys. 
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copper, while between these two points the curve risen to a 
maximum corresponding to BO per cent, of ••upper. Thin is the 
composition of the definite compound Sh(hi y . Starting with pure 
antimony, and adding copper in men uoiug ipmutitieH from 0 to 25 
por cent., a mioroseopieul examination will reveal oryatatu of 
antimony surrounded by a culeeiie, the eryhtnls decreasing and 
tho eutectic increasing in quantity until 2b per unit, of copper in 
reached, when tho whole alloy in made up of tin* eutectic. When 
more than 25 por cent, of copper is added a new constituent 
makes its appearance in the form of crystalliten having a distinct 
violot colour. Those crystallites increase m quantity until tho 
alloy containing GO pel* cent, of cupper is reached, which consists 
entirely of the violet alloy. Between BO and 70 per cent, the 
alloys arc found to consist of violet grains surrounded by a net' 
work of eutectic, and when 70 per cent, is passed dendrites of 
copper are seen surrounded by the second eutectic. 

It will be seen that the alloy* which fall under tho second 
group in Le Gliateliur's dasaillcation, viz. those forming definite 
chemical compounds, really give the name curves as the alloys of 
the first group, but duplicated, 'filial is to say. the curve may 
bo divided at the point representing the compound and con¬ 
sidering tho oornpmmd as a separate constituent (which it is), and 
not as an alley. Tho curve ia then resolved into two curves of 
the first group, and represents two freezing point curves of two 
series of alloys each formed liy a pure metal and a compound. 

The thin! group of alloys is comparatively rare, as very few of 
the metals are isoiuorphous, An example, however, in found in 
the case of tho gold silver alloys. The freezing point curve 
oonsiste of a single branch uniting the melting points of gold mid 
silver, and a microscopical examination fails to show the existence 
of any eutoctio or any definite compound. The properties of tho 
alloys pass gradually from those of gold to those of silver. 

These three groups of alloys have been described m having 
normal curves of fusibility ; but in a large number of alloy* the 
curves are more or loss complicated. For example, it may happen 
that one metal is only partially soluble in the other and is at 
the same time capable of uniting with it in different proportions to 
form a definite oompound. Again, a compound may be partially 
soluble in the pure metal, or may be isomorpbuus with one of the 
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contain from 22*5 to 27 per cent, of tin, and the y crystals from 
28 to 37 per cent, of tin. 

These constituents may be described as transition constituents, 
as they are never found in a slowly-cooled alloy. They exist, 
however, at temperatures above 500° and in alloys quenched 
above that temperature. 

The constituent 8 is believed to be the compound Cu 4 Sn. It 
is almost white in colour, and does not crystallise from the liquid 
alloy; it is only formed when the alloy cools below 500°. 

The constituent E is the compound Cu 3 Sn. It crystallises in 
plates, and is easily separated from the alloys. 

The constituent H is the compound CuSn. In the slowly- 
cooled alloys containing from 40 to 90 per cent, of tin, this con¬ 
stituent is found bordering the crystals of Cu 8 Sn, whereas in the 
alloys containing from 93 to 98 per cent, of tin it occurs in the 
form of hollow crystals, which Heycock and Neville have suggested 
may be due to the fact that the crystals have formed round 
nuclei of (Ju 8 Sn, and that the nuclei have subsequently been re¬ 
dissolved. 

The temperatures at which these constituents are capable of 
existing are indicated in the diagram by lines which divide the 
lower part of the diagram into compartments. It is thus possible 
to see at a glance the constitution of any particular alloy at any 
temperature. Consider, for example, an alloy containing 15 per 
cent, of tin cooling from a molten condition. At 950° crystallites 
of almost pure copper separate out, and as the temperature falls 
these become richer and richer in tin until at a temperature just 
below 800° the constituent fi solidifies, and the whole alloy is now 
solid. “When the temperature falls below 500° the constituent /3 
is no longer stable, and the alloy splits up into a mixture of a and 
8, in which condition it remains at temperatures below 500°. A 
glance at the diagram will show that some of the alloys, especially 
those containing from 23 to 40 per cent, of tin, undergo very 
remarkable changes during cooling. 

The constitution and properties of a series of alloys may be 
conveniently represented in the form of a chart, of which fig. 46 
is a simple case. The curve at the top is the complete freezing- 
point ourve of the lead-tin alloys, while the curve immediately 
below it shows their constitutional composition. Below this are 
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seen at a glance. f vi( , w tho „ u bj*(it of triple »H">* 

From a theoretical po . . . ]««t 

the three series of binary 

alloys, lead-tin, lead- A 

bismuth, and tin-bis- / \ 

muth, have been deter- / \ 

mined in addition to / \ 

those of the ternary / \ 

series lead-tin-bismuth, / \ 

and the results are rv 

plotted in the following / \ 

manner. The composi- / J \ 

tion of the alloys is / \ 

represented graphically p / ..— ^5 

by means of an oqui- 9 

lateral triangle ABC Kin. 4 «. Truman.»« !•< >:* 1 ' ' **•*' 

(fig. 47). The three 

vertices A, B, and 0 represent the three cwwtitu«wl tn»Ud*, ®i»‘t 
any point on the sides corresponds in a Immrv alloy of lli« *»»' 
metals at the extremities of tho line. Ttwrtmry nlhn »?<• u^tp 
sented by points inside the triangle, anti their If 

perpendiculars drawn from the point to th* *idt*» lira* M* 
represents the proportion of motal A ; Mh the pr«<p’<rUon «*f I*, 
and Me the proportion of 0. Ohurpy dwribos Ism nsnilnwi th*m 
“In order to represent tilo variation of a rrrUm pr* |»rtf ib* 
fusibility, for instance—a perpendicular m rain^i from c». h 
to the plane of the triangle, and a diatanro m •. • 

that perpendicular proportional to the touipruturo »*f fw<n> .pi 
of the alloy represented by the foot of the »*Ur lie 

locus of these points constitutes the «irf«4» »f wh<* h 


corresponds to the ourves of fusibility of binary 
Charpy has constructed a modal showing tha %nrt«m td f«*44s-t* 
of the lead-tin-bismuth alloys, and him »Xm plwH#*4 the imlhpum 
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of the surface of fusibility (tig. 18), hi this diagram the surfac 
of fusibility of lead, tin, and bismuth alloys is composed of three 
zones, which, by their iiitorwnt inns, give the lines Ee, E't, and E'C 
the points EE' and B" corresponding to the three binary euteotios 
of load and bismuth, load and tin, and tin and bismuth respec¬ 
tively. Tho point < corresponds to the ternary euteotic containing 



Fio. 48.—-Surfua* of Fmiibility of the Alloy* of Load, Tin, and Bismuth, 


32 per cent, of lead, 15 5 per cent, of tin, and 52*5 per cent, of 
bismuth, and melts at 90“. 

Alloys represented by point* in the triangle lying above EcE' 
will, on solidification, deposit load first; and in th« same way alloys 
represented by points lying between K«E" and Bi and between 
E'eE" and Sn will first deposit bismuth and tin respectively. 

These results have been fully confirmed by the mioroscopioal 
examination of the alloys. 

Within recent years much has been written upon the constitu¬ 
tion of alloys from a theoretical standpoint, and more especially 
from the point of view of the so called Phase Rule first enunoiafced 
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by Willard Gibbs. Thin rule states that-- it u necessary to 
assemble at least n different molecular species in order to construct 
a complete heterogeneous equilibrium consisting of n +1 (liferent, 
phases. At one particular temperature and pressure only in it 
possible to have n + '2 phases in equilibrium. Thus, to take the 
simplest possible ease, the compound I1,,0 is regarded ftH a simple 
molecular species and therefore n * L Now, there are three 
possible phases in which l-Lis compound can exist, viz. ioo, water, 
and water vapour; but according to Oihlm’ phase rule only two 
(w + 1) phases can remain in equilibrium except, at one critical 
point. Thus a condition of equilibrium extending over a certain 
range of temporaturo and pr<mmm> may be established between 
ice and water, water and water vajHmr, and ice and water vapour, 
but only at one temperature and pressure (0*007ft 0 and 4*57 mm.) 
can the three phases occur together. 

A more complicated ousts (which has, however, been thoroughly 
investigated by Roozoboom) is to be found in the conditions of 
equilibrium existing between water and sulphur dioxide. Hero we 
have twomolooular Hpeoics (« 2 ) am! four possible phason, viz.:— 

1. A solid hydrate HO a ,71l a (), 

2. A solution of 80 a in water. 

3. A solution of water in liquid S() T 

4. A gas mixturo of H0 2 and IL,<> 

It has been proved experimentally that only three (n+ 1) of 
these phases can exist in a condition of equilibrium except at the 
critical point. 

It is evident that the application of the phase rule may be 
extended to meet the cane of alloys with the object of determining 
the number of possible eouHlitueuts which can exist in a state 
of equilibrium in a given system ; and this has been done by 
Roozoboom in the case of tho iron carbon alloys, The subject is, 
however, a complicated one, and can hardly he said to have added 
muoh to our knowledge of alloys. Tho Student who wishes to 
follow it up should study tho work of phyaicists (and more 
especially tho masterly researches of Hoozehoom) before attempt¬ 
ing to deal with the theoretical conclusions of those who are less 
perfectly acquainted with the subject. 

Relation between Constitution and Mechanical Properties.— 
The relation between the constitution and the mechanical pro- 
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portics of an alloy is dearly defined, find the subject is of so much 
importance in the industrial applications of alloys that it deserves 
the closest attention. Fortunately the number of constituents 
whioh may bo present in an alloy is limited to four, viz. pure 
metals, solid solutions, compounds, and eutectics, and it ijj only 
neoessary to consider the nature and properties of these con¬ 
stituents and their influence on the properties of on alloy. 

Pure metals aro relatively soft, malleable, and duotile and 
when present in an alloy they tend to impart these qualities 
to it. 

Solid solutions, os already stated, possess properties similar to 
those of pure metals. They are relatively soft, malleable, and 
ductile, and it may be pointed out that practically all the in¬ 
dustrial alloys whioh are capable of being cold rolled, drawn, and 
spun consist of a single solid solution, brass, bronze containing 
less than 8 per cent, of tin, malleable phosphor-bronze, ooinage- 
bronze, aluminium-bronze containing leas than 7*5 per cent, 
of aluminium, ottpro manganese, cupronickel, German silver, 
standard gold, rnagnalium, and some of the nickel and manganese 
steels, are examples of ductile alloys consisting of a single solid 
solution. Standard silver tnuy be regarded as an exception to the 
rule, but the quantity of euteotio in standard silvor is very small, 
and the silver-copper euteotio is much more duotile than most 
outeotics. Alloys consisting of two solid solutions aro less duotile, 
but are still capable of being rolled and worked hot. Muntz 
metal, manganese-bronze, delta metal, and a number of other 
“ special bronzes ” and brasses, are examples of those alloys. 

Compounds aro harder than the mefals of whioh they are com¬ 
posed, and brittle. They decrease the ductility of the alloy, and 
tend to lower its tensile strength. On the other hand, they 
increase the compressive strength of the alloy, a property whioh 
is of great importance in the case of bearing and antifriotion 
metals, and at the same time they improve its working qualities 
as regards turning, filing, etc. The industrial alloys of this class 
include bronzes containing more than 8 per cent, of tin, oast 
phosphor-bronze, all tho white metal antifriction alloys, and the 
aluminium alloys containing copper, nickel, or tin. 

Eutectics are brittle, and possess lower melting-)mints than either 
eir components. Owing to this difference in melting-point 
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the euteotlo portion of an alloy separate between the oryRtalB of 
the other constituent, forming a network or cement, with tho 
result that the ultimate strength and ductility of tho alloy aro 
practically the same as those of tho enter.tio. It follows t hat alloys 
' con taining euteotios are, with one or two exceptions, unsuited for 
constructional work. Their principal employment is probably in 
the form of solders, in which tho difleronoe in molting point® of 
the constituents enables them to bo manipulated whilo in a semi¬ 
fluid or pasty condition. Tho eutectic of iron and carbon known as 
pearlite is an exception to the rule and is unique, as it is formed 
after the steel is completely solid. Tho result of this is that the 
crystals of iron are not surrounded by eutectic, but tho eutectic 
is itself surrounded by free iron ; ho that tho formation of pearlite 
in steel is rather more comparable, as regards its influence on the 
mechanical properties, with the formation of compounds in other 
alloys. In order to distinguish a eutectic structure formed after 
solidification from those formed in the usual way, the term 
mtectoid has been applied to it. 

Alloys containing outoet.ies are somethin's rendered useful by 
chilling or oooling them rapidly, so that the eutectic is not per¬ 
mitted to solidify between the crystals, but itt evenly distributed 
throughout tho mass of metal. Here, again, the euteotlo plays 
the part rather of a compound than that of a normal euteotlo. 

So far we have only considered alloys of two metals or binary 
alloys; but when we come to triple alloys the difficulties are not 
greatly increased, for we find that the alloys contain, as before, 
only solid solutions, compounds, and euteotios. It is true that a 
solid solution of three metals may differ in hardness, strength, or 
duotility from a solution containing only two, and it is equally 
true that a euteotio of three metals has a lower molting point 
than a euteotio containing two, but the general characteristics of 
the constituents are the same. Solid solutions are the ductile 
constituents; compounds are the hard and brittle constituent*; 
euteotios are hard and brittle and tend to solidify between the 
grains of the alloy, thus ruining its duotility. 

It is evident, therefore, that the study of tho structure *n< 
constitution of alloys is of the utmost importance to 
dear understanding to bo gained of tho toiasaoe of 
impurities on the mechanical properties of metals. As emmph 



alloys. 


IUR y bo ^oclod by tho^!ddili?m°° fametal 
lot UK lake the oftwo of R m „ui 00 to “ elal . (° r non-metal) 

aml gradually innn.««e lmti] P ?n & k 8to “ gtl1 

wwlird, Imt beyond thin thoro is Hr ® P 6r 06nt ’ of ™« is 

M Hhow/by ^ duoti %of the 

alloyn can h( ill Ik. rolhnl hot but wifi, / P® r °e n t. of zinc the 

oir in is ho rapid that thoy arc of n^use ? ltl0n8the faIlin g 

jmrpoHOH. An oxamiimtinn oni 0 Use for constructional 

liomoKiimHnw solid wsIuMoiu. wluJllf' h” C0PP<i^, f ° rmillg 

SS=«s=aSS 

aSsSsssSStt 

S^*rS«a£5ss 

7 ,'m-Z Z , ? ° f “ U0yS Sh0ws that onlyabout 

,, 1 " cent, of al.mm.mm >s dissolved by copper with the formation 
IIOUIOKOIIOOUH solid solutions, and with more than this amount 
sooondand oitenuoly hard constituent makes its appearance. 

‘ ‘ 1 ' “ Wlth tm iIi0 off in ductility is very rapid the 

r 1 "" “'“‘’’f 0 ’ 1 l»i»(? reached with less than 5 per cenl of 
. .. 1 liy the fact that although copper is capable 

of dissolving 8 per cent, of tin, the solid solutions Z foLT^ 

. it homogeneous, the first portion of the alloy to solidify being 
almost purs copper and the last portion containing most of tht 
L fi ? T7 U " m *“*“* is obW “ d with mueh less 

«Tl (1 d M ° i h ° P r °P erti “ of the alloys may be 

mod 0 d to acme ertent by heat treatment, but for the moment we 
are only considering the naturally cooled or east alloys. 
i- /AovAorm.-A small fraction of 1 per cent, of phosphorus 

roasmT *° °ompletely destroy its duotility, and the 

H .mon for this is obvious if we consider the constitution of the 
alloys. 1 hosphorus combines with copper to form a welMeflned 
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compound, corresponding to tho formula <!u,l\ «lm ». I 
crystallise out by itself whon tho alloy cooIh, a . i« 
case with suoli compounds, but forms a mitrehe miL < 
portion of the oopper. Now it must lm rememl» i. J ih.*» u 
the percentage of phosphorus which iidiueucns lie- h 
properties of the ooppor, nor oven tlm percentage ,n it ■ } i 
copper, but the percentage of eutectic; ami wh. n e«- * - 
that 1 per oent. of phosphorus in eipiivulmt (u twir *h «■ 
cent, of euteotio, and that this eutectic which u 
solidifies between tho orysbals of copper, it m u.<? . 

understand how a small cpiantity of piumplimun cm, . i< ■>? » 
marked influence on tho mcohanical properties «<f fth , .j ; 

5. Lead .—Load docs not alloy with copper but 
in the form of mirmto globules of metallic lead In !L,% i, 
it has a relatively small ofleot on tlm strength ,«f 
Moreover, the spooifio gravity of lead tieing mn hi >. 
than that of oopper renders its influence ntill 
important to note that tho meolmmcul propet hr.-. <•( a: . . 

governed by the volume of the rme.tifuruta ami i . ; 
weight. Henoo, comparing tho itdlucncc of | p* . < i.i 
of lead and phosphorus, we find that the mini .ei, v. . , ■ 


the meohanical properties of the umtnl are u h j* n , 
oase of lead and 12*1 percent, in tlm now »*f 
relatively small influence of leiul on impp, i and it« 
by the remarkable strength of the m> mllml •* pU^., 
which often contain as much na 30 pm* n ut. «f Wi i ■> 
however, that this only applies to the nmul in » 
copper or bronze containing a emi«t!tu«-ut «nrt*n,g y* 
temperature as 327* cannot he worked . Itl> n it i! ,j 
6. Bismuth, like lead, doen not »lh>y w ,il, . , r . , 
lead it does not separate uk imdutcii gj.,} ^ \ 

network or film between the erym.ih ..f 0l pj„. ’ ■ 

anything above a trace of bismuth m coppr/f,.. t . ,, .. 
to be of any use. 


From a consideration of the , 4 , 

that the influence of au added un-ul <, u i'y, u , s \ ' 

of a metal or alloy depends o„ („) ...^ 

w. whether it r e ma™ lleoMwlU ,„ , nl „ . u , „ , , . „ , 

(i) fte shape or form it wkuuiw, wid W „„ 
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These questions are of vital importance when dealing with the 
influence of impurities, for it sometimes happens that an alloy 
may be perfectly good or absolutely useless according to the 
chemical or physical condition of a certain impurity. Moreover, 
the presence of such impurities is occasionally unavoidable, and 
the problem then presents itself of finding some means by which 
they may be rendered harmless, or at least as little harmful as 
possible. This may sometimes be effected by heat treatment and 
sometimes by the addition of a second impurity which, by com¬ 
bining with the first, causes it to assume a different and less 
injurious form. Ab an example of the change brought about both 
in the chemical and physical condition of an impurity by heat 
treatment we may take the case of steel castings. In these a 
portion of the silicon present combines with the manganese and 
sulphur to form a silico-sulphide which separates between the 
crystals of iron and induces brittleness in the metal. On anneal¬ 
ing, however, the compound is decomposed, the silicon passing 
into solid solution with the iron and the manganese sulphide 
aggregating or balling up into isolated globules which may be 
regarded as practically harmless in a casting. The change in 
structure is illustrated in photographs 56 to 59. 

An example of change in form induced in an impurity by the 
addition of a second impurity is also to be found in the best 
known of all alloys, steel. In the early days of the Bessemer 
process it was found that the steel produced was of little use 
owing to its brittleness, and it was not until Mushet suggested 
the addition of manganese to the molten metal that good steel 
was obtained and the process became a commercial success. The 
explanation of the difficulty is now perfectly clear. The sulphur 
in the steel combines with part of the iron to form sulphide of 
iron, and this compound having a low melting-point separates out 
between the crystals of iron (just as bismuth separates between 
the crystals of copper as already noticed), giving rise to a brittle 
metal Manganese, however, has a greater affinity for sulphur 
than iron, and forms a sulphide whose melting-point is very much 
higher than that of iron sulphide. The result is that instead of 
having a brittle constituent separating between the crystals of 
isolated crystals or globules of manganese sulphide are 
ned which are to all intents and purposes without influence 
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on the properties of the stool as regards its >' f " r ^ ' 

« tag* But it must uotbo supposed ™ ; ’ ■ 

is an entirely harmless constituent of «to-L In l»n ■ 
may be so, but at the same time it u raymnbh • - 

troubles, iuoludiug the corrosion and pitting «f «‘iWr y a • 

At the temperature at which stool is rolled tin* tn.uym" 

sulphide is in a plastic condition and follows the ^hn ( ’ In lh» 
same proportion as the stool. Thus in thin «teel ,h,ruil » - 
occurs in thin sheots or laminco, and if mieh ahr-otn art m. ■» v j 
to severe bending or stamping tlm sulphide shuefa bum v 
weakness and the metal gives way. Photograph IV **!.“»» *h- - 
sheets or flakes of sulphide in suction in a piec <’f * '»!. * Q? " 
and here again its influence is duo to tho aha^ or form in who h 
it ocours. 

Cases of the elimination of a outwit io structure by U«<* n <>1 

a second impurity arc to bo found in the »ddii am of s.u s*< »• j>i 
containing phosphorus, and in tho addition «*f ai-m-jo.- n- • , ; 
containing oxygen. Thoao are shown in photegmph;! ?*- M, »» 
are considered in another chapter, 

Numerous examples occurring in everyday j*tvt„r« u. >* 1 <• 

quoted, but those alroady referred to will e«-i h< > h , f i > 
importance to tho practical man of a study < f tie ,.■<' •»•>*> *d 
constitution of alloys. It throws a now light on tie - % w.i 
explains the relation between oompn.ition and n>»- har*< j? 
perties in a way that chemical analy ia by itw If w r*"' *•, ♦' L < t 
doing. In fact, it interprets tho mmlltt t>! rheum .4 V » i . 
until recently ohomical analysis os applied to m* Ut« m <1 * <* 

has been much loss satisfactory than in other birne-Wi * f 
In the analysis of nearly all materials it lots lung U, s* 5 

that a simple statement of the jK<reeutng»* of tie* »% t >. .■*- s j ?, , * 

is not sufficient, but that it is necessary In go « fd-\> I ? h ? ** : 
determine the condition in which Uh'hii »d»-i»r»! ... ,? 
may describe, therefore, aa a com.tUuliMiml - ,i r ' - ‘ 
actual constituents which go to make up thi* L .]•. Jl( . r • 5 
tion, whereas an ultimate analysis only given th<> , ’ r<, ^ . 4 j 

body regardless of the way in which they are r-ol ,»,.4 .iWt,* 
theless, it is not the ultimate emnjsnnt‘nt 4 hit*, ifo 
which govern the mechanical and physical «*f am 

and an ultimate ohemioal analyst* give® m nu knight m., 1 ^ r.* 

t§ 





rt ovvpl Hi :ui I'iir .‘in wo have learned l>y long experience i 
tn av.iH'iute h eiTtuiu analysis wtlli certain properties. Only in 
one instance dm-M the climnicul analysis of an alloy mnlce any 
dudinctmu between the di Heront moflcH of occurrence of any con- 
* tituent, viv.. in the case of cant iron, in which it is customary to 
di .tun'uc.h between t.ho free eavhon or graphite and the combined 
rut bun Hut. earhon in not the only element wdiioh may exist in 
muie than one form. Silicon, for example, may exist as silicate 
or may enter mto solid solution with the iron; and whereas 
relatively latv.e quantities in solution are not only harmless but 
often heuetieial, quantities of silicate us small as 0*03 per cent, 
are objectionable if not, actually dangerous. It has been stated 
hy i'apt. tloworth that, in Urn case of hoavy niolcel steel gun 
,'lh {hu- cent, of tin' test, pieces from the brooch end and 
U per cent, from tlm mu/./.le end showed silicate defeots in the 
fracture. In sptte of tlm fact that 0*03 per cent, of silicate may 
cause the rejection of the steel, tlm spueilleation allows 0*05 to 
0*3U per emit, of silicon, and o-lmmiml analysis fails to distinguish 
whether this is present as silicon or as silicate. 

Tlm structure of uu alloy must bo governed by the purpose for 
which it is intruded. Merc mechanical strength is in many cases 
not tin' only, or oven tlm most important, factor, and inability to 
realise the importance of structure lias often led to unexpected 
failure. An instance of this lias boon quoted by Mr Arohbutt in 
cmmeetion with t.lm mamifaeture of slido valves on the Midland 
Hail way. These are made of brouso containing about 15 per 
cent, of tin, and are tested by putting them under a falling weight 
of 112 lbs. with a blunt knife edge. The valves are oast in sand, 
and when supported on U inch centres a single blow from a height 
of B foot is Huftioumt in most cases to crack thorn, while three 
blows from the same height will break them in half. If) however, 
tlm castings are quenched from a temperature just above 500, 
they will stand four blows before cracking and about nine blows 
before breaking. In some oases fifteen blows from a height of 
8 foot and throe blows from a height of 10 feet were required 
to broak them. Owing to their unusual strength and toughness 
tlm practice of quenching the eastings was adopted, but soon had 
to bo abandoned owing to the rapid wear of the valves. The 
explanation is simple. The cast alloys oonaiat of particles of a 
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hard constituent embedded in a softer matm > - 

and essential stmotuim of all alloys required f*« i« m ■< * ' - ’ 

abrasion. The quoiichod alloys, on the other hm» 1 » f - 
homogeneous structure which is ill adapted to r« i i .%«.a 
Another case in which too much importance cio o h< ;>.• ' 
tests instead of to structure and constitution h i f*> J * o > , 

practice ocourrod in the uho of an alloy emit «uun ► H p- ■ • 

of aluminium and Id) per cent of maiu-.nj. «■ mt \ 

Tests on this alloy recorded in the Ninth lb p**ir * 

Research Committee of the Inal if nfimi of M# ■ h u, b I 
showed remarkable results, hut a trial of the altn u> tb,- • n 
locomotive slide vuIveN showed that. (h< \ t«nr tSu- , O : , , 

away, and they had to ho taken ont alter hKin* t ,nh : . . 

Such exporioncos alibi'd convincing pro.if i.f jh« m... , 

structure on tho propurticH of nlloya m \ i., ! n ,? * i 5 • . • 

is no longer of purely thnurotiea! infei. ->f, hnt if( j., 

practical men as being of real impm« m.- ?., • «„. 
gathered by the re marks of Mr <*Y«.ig>- i { 4I , n , t 
Engineer to the UancuHhiro and \mk>hne Ibu.m.i. . 

“The success of a bearing meful alloy dep.-icl , 5 

than absolute composition, the proper tleusof ,% 3 liN j.. 3 
of the tin-autimony crystals iu a M.ftri malm .0 i i} . ,. t , , ,, 

essential." 



CHAPTER V. 


INFLUENCE OF TEMPERATURE ON THE PROPERTIES 
OF ALLOYS. 

It frequently happens that metals mid alloys are used at 
temperatures either above or below the normal atmospheric 
temperature, and it is of considerable importance to know how 
the metal will behave under those abnormal conditions. The 
influence of high temperatures is perhaps of greater practical 
importance than that of low temperatures; but at the same time 
the results obtained by Dewar, Hadliold, and others at low 
temperatures are of the greatest value. The available data 
relating to tho subjeot are not numerous, and in many oases the 
results are conflicting. Moreover, in some cases the results 
obtained in actual practice have uot been in accordance with 
those obtained experimentally. Tho explanation of these dis¬ 
crepancies is probably to bo found in the fact that the alteration 
in the properties of a metal or alloy due to variations in tempera¬ 
ture is not always of tho same nature, and before dealing with 
experimental results wo may with advantage oonaider the possible 
changes which may be brought about in a metal by a variation 
in temperature. 

In tire first place, with an increase in temperature and con¬ 
sequent increase in molecular activity, wo should expeot a gradual 
and regular falling-off in the tensile strength until, in the 
neighbourhood of the melting-point, the tenacity becomes nil 
Moreover, this change should be common to all metals, and ex¬ 
perimental proof of it is not lacking. Thus Dewar has shown 
that at - 182° mercury has'a tenacity about half that of load at 
the ordinary temperature, and iron, oopper, nickel, aluminium, 
116 
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etc., exhibit a marked increase in tonsilo strength at the same low 
.temperature. The following figures show the tonsilo strength 
and elongation of ooppor at temperatures between -182" and 
+ 530", the first two results being those of Had Hold and Dewar, 
and the remaining figures those of he Ohatolior. The two rosuh-H 
at normal temperature are sullieieutly oloso to justify the figuros 
being regarded as a single series of observations (the small 
difference being due to the fact that Lo (Jliateliur employed a 
purer sample of ooppor and in a complettdy annealed stale), and 
they may bo taken as representing the imriual behaviour of a 
pure metal or a homogeneous solid solution. 

Mechanical Pbopmtiks of Cornea at Vauyino Tkmi'khatuubh 
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Normal behaviour, such as that exhibited by ooppor, 1« oom 
paratively rare, and we have now to consider abnormal behaviour, 
which may bo duo to— 

1, An allotropio change in the melal taking place suddenly; 
% a molecular change taking place slowly ; 3, a heterogeneous 
structure. 

1. Allotropio Change. — Example of allotropio changes 
accompanied by changes in tlm physical properties taking plane 
in metals arc not uncommon. Thus iron undergoes a change at 
760 and also at 860*, the three varieties of iron being described 
by Osmond as a iron, existing at temperatures below TOIT ; fi 
iron, existing between 760 and 800**; and y iron at tempemter§« 
above 860 . a iron is soft and magnetic, iron is 
and y iron is hard and non-magnetfo. Nickel undergoes a change 
at an even lower temperature, vii. 300*, above which temperature 
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it ceases to bo nmgnotio. Zinc, in brittle at tho ordinary tempera¬ 
ture, but at 150* it becomes malleable, and again loses this pro¬ 
perty at higher temperatures. Tin at low temperatures, but not 
lower than those reached in cold climates, undergoes a molecular 
change and falls to powder. Such changes aro abnormal, and it 
is tint vet known except in the. ease of iron to what extent these 
changes may take place in the metals when alloyed. 

2. Gradual Molecular Change. — Some motels and alloys 
undergo a gradual change in their crystalline character, which 
is greatly accent tinted as tho temperature is raised. The ohauge 
may he Him ply an increase in tho size of the crystals, or may even 
ho a change in the crystal I ini* form. As an example of the gradual 
growth of crystals wo may take tho case rf brass containing 
TO per cent, of copper, and aluminium bronze containing less than 
8 per cent, of aluminium. If these, alloys aro annealed at com¬ 
paratively low temperatures the crystals develop in size and 
there m a marked failing-old in tho mechanical properties. This 
growth of crystal will bo rofurrod to later. 

8. Heterogeneous Structure. -—Alloys containing two or move 
constituents aro more liable to suffer deterioration at high tem¬ 
peratures than those containing only one constituent, especially 
if one of the constituents is a eutectic. The outcctio having a 
melting point often very much lower than the constituent metals, 
is unvoted at a correspondingly lower temperature ; and if the 
eutectic, forms, as is frequently the case, a network or cement 
round tlm grains or crystals of the alloy, tho stvongth of the 
eutectic represents tho strength of the alloy. An example of 
this is found in ooppor containing bismuth. 

Considering these three causes of deterioration it will be seen 
that one of them, tho second, would not occur until after the 
lapse of some time, and this is sufficient bo explain tho failure in 
actual practice of alloys which had given excellent results when 
merely tested at high temperatures. It is therefore important to 
note that mechanical tests carried out at high temperatures are 
not sufficient to indicate the behaviour of tho motal in practice. 

The most complete series of experimental results yet published 
has boon obtained by Bongough, who has extended his tests to 
higher temperaturoN than previous observers. He finds that both 
in the case of pure metals and alloys there is a gradual decrease 
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in tensile strength rh tho teinjumdur, .«- ■ - 

temperature is reached, beyond vs hud, lie- 
more slowly hut still uniformly. 'Huh >• <• 

describes as the “temperature of nrup. r.dmo 
at which the change takes plan- he enlh th- ** '* 
point.” The ourvo representing tin* !• n d»- «■ : f ?!i 

shown in fig. 49 is similar In that <>f e.-j.j^, e i * 

alloys upon which tests were cnrn.-.i ..ni ! ■ 
point there is a rapid iimreuse in (he «d... . ,• > : ' 

tureapproaches the melting point of th* »• “ - 1 



Fig. 40.—TortHilo Htimigtl, of U»Ilr>i At.m.iuo.u 5s ,v 1, 

sudden drop. In many tmm tin* tu.tnh »»,< « 

tested above tho critical tempemlmo 1 , -p 1 

Bengough points out that there ?« a ,, 

the curves representing tin* t«n ul«* mi. : - 

those which have linen worked ,»i 
Although both show the mh..») 
peratures below this point n, d i: ‘... ■ » , 8 

metals, the decrease in win-ngth %.>,• 
temperature, and the curve m , 

the case of worked metals ?j„* . , , . . 

as the temporature rise*. T!*« ?« , i „. , „ . ,i r .. 

in fig, BO. 

The following table gives the cuts* >d * ,, M * , i 
of metals and alloys. 
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Motal or Alloy. 

Oifcictil 

Tornpomtu.ro. 

.Tensile Strength, at 
Critical Temperature, 
Tons per sq. in. 

flopjmr. 

(ifiO 0 

1-3 

()■» 

S'O 

Aluminium. 


(hijiro nickel (20 per cent, nickel) 

710 

Bruns (SO per emit, zinc) 

440 

2'6 

». (40 „ „ ) . 

430 

5-0 


Aluw ’ aro unaounteuiy ot groat theoretical in- 

torimt., but from tlm practical point or vitsw the metals have ceased 
(o bo of any use long before those temperatures aro reached. 

Alloys used for Firebox Stays.—One of the most important 
applications of metals and alloys at high temperatures occurs in 
firebox platen, and more osperully firebox stays; it is ir 4 - u: - 


this 



Pw, 50.—Tensile Strength of Oust and Rolled Metals at High Tomperatures. 


connection that most of the work on the strength of alloys at 
high tomperatures has boon carried out, and attention has been 
particularly directed to the alloys of copper. The mechanical 
requirements of a xnetal suitable for firebox stays are that it can 
be easily worked and riveted, and that it shall be as soft as, or 
softer than, the copper plates into which they are rivoted. The 
alloys examined include bronze, phosphor-bronzo, manganose-bronze, 
aluminium bronze, brass, copper-nickel alloys, and mild stoel. The 
behaviour of these alloys will be briefly considered. As regards the 
temperature actually reached by the plates and stays there is a 
considerable difference of opinion, and it is difficult to arrive at 
conclusions from experimental data. Webb has measured 
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the temperature of tlni centres of a nmnbm* of firebox stays by 
drilling a hole through the eoutro of tho head and inserting a 
thermo-couple, Tho ronulta showed that at a diatauco of 2 inn. 
from the furnace ond tho toinprruturo varied from 170* to 175" 


in a boil or working at 120 lbs. pressure, Hlmming heavily and 
blowing off, while at a distance of half an inch from tho furtmoo 
end the tomporaturo rose to 215 to 230" under the name condi¬ 
tions. Am attempt to determine (ho temperature of tho surface 
of the ooppor plato ami of tho ends of tho stays inside the lirohox, 
in the vicinity of tho brick arch, gave tompnrnturoH of folO" and 
615° respectively. It rmmt ho remembered, however, that thorn 
isintenso local heating, and it m no uncommon thing to wo tho 
surface of the copper plato showing drops of copper whom tho 
metal has boon actually melted. It in diilUudt, therefore, to way 
what temperatures are actually muduxl, but, it umy ho taken that 
the stays roach a temperature of at leant 2cJO* and prohaldy 
considerably more. 

• Bronze.—The only alloys of do* copper tin series } n.iilahle fur 
the purpose of firebox Htuys are those eontumiim |e*s {Ran prr 
cent, of tin (that is to wiy, thaw ootmmtimf of a «ulid wdutum 
of tin in ooppor), and these are prohaldy tin* least sat mho-jury of 
any alloys. Their moclmnind pretties full oil' rapidly at about 
200°, a bronze giving a tensile at length of H tons jwr in. at 
200° falling to 7*8 tons at 2tKf, 

In an actual tost carried out hy Wohh, tho baiter of a six whr»d 
coupled goods engine working at lfit) Urn. per «*p in. ««* lith.l 
withbronzo stays containing 3 p«r mat, of tin. After running 
93,290 miles 145 stays had to In* removed ah defective, and tho 
average rate of renewal worked out at mm «tav pr 7UI miles 
Phosphor-Bronze. - .The pho^hor brunts ‘ t j 4P 

mechanical properties suitable fur (««•<•!„.* m,u„ ore n,.,*. eoutam 


' ° r —'•■'-n™ or tm stun tudv «me«-n s »j pn-' ,ph,,i m> I 

fact, the phosphorus merely art* m a de..ddhrr, m,d i.i.due, 
a better class of bronze than that ohimmd hy m.hmt 

Data relating to tho propertien of ph««t*hor hr. mat, at lngh temper?! 
tures aro scarce, but it is provide llmt tb *y would 4«it»« 

advantages over ordinary hmttm. 

JUmWum-Btoiw.. Tim »!%. of alumiolnm *»! ... 

tomgleMthan 8 ptr «.*. of dominium pma U„ mpur* 
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qualities necessary for firebox stays, but they deteriorate very 
rapidly at high temperatures. A bronze containing 7‘1 per cent, 
of aluminium, which showed a tensile strength of about 25 tons 
per sq. in. with an elongation of 89 per cent, on 2 ins. at the 
ordinary temperature, gave only 9 tons per sq. in. and 14 per cent, 
elongation at 400°. 

An actual test carried out by Webb under the same conditions as 
those described in the case of the copper-tin stays gave disastrous 
results. The alloy contained 7 per cent, of aluminium, and after 
being in use only two months and running 2400 miles, the engine 
had to be taken otf the line owing to the number of breakages. 

Le Blant also states that the alloys of copper and aluminium 
are the most sensitive to an increase in temperature, and these 
practical results are the more remarkable, inasmuch as Charpy 
describes the aluminium-bronzes as being superior to other copper 
alloys. The explanation of this discrepancy is to be found in the 
fact that aluminium-bronze (containing less than 8 per cent, of 
aluminium) is one of those alloys which undergo a gradual change 
on heating. At a temperature of 180° (and possibly lower) the 
crystals increase in size until they reach very large dimensions, 
and the growth of the crystals is accompanied by a falling-off in 
the strength of the alloy. Photographs 28, 29, 30, and 31 show 
the changes which take place in the structure of aluminium- 
bronze, thq alloy represented being the actual material used in 
Webb's experiments. No. 28 is the original material as supplied. 
Nos. 29 and 30 represent the same sample after prolonged 
heating at a low temperature. No. 31 is the same sample heated 
to a higher temperature, but still below its melting-point. Test 
pieces of the alloy showing large crystals, as in photograph 30, 
give low tensile tests and show a curious crinkling of the surface 
over the whole length of the specimen. • 

Brass.-— Oopper-zinc alloys of varying composition may be used 
for firebox stays, the percentage of zinc varying from 0 to about 
40. Those containing less than 10 per cent, of zinc appear to 
give fairly good results in practice. Thus, in Webb's experiments, 
a locomotive boiler working under the same conditions as those 
previously described, and fitted with stays made of brass contain¬ 
ing 90 per cent, of copper and 9 per cent, of zinc, gave results 
equivalent to a renewal of one stay per 5588 miles. The renewals 
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were mostly due to wasted heu.in and Irak 4 ^, 
breakage. Alloys containing a higher 
exceeding about 30 per cent, (that • * *" '' 

a single solid solution) show a derided »'«*N 
an increase in temperature. 

Brasses containing about -lit per *> »d <4 . 

constituents, both solid Holnlimw, giw w% |- ■ 
found that an alloy containing 10 |« * • « »*t 
equivalent to one stay renewed pr I’d ‘ iml- 

Copper-Arsenic Alloys, dn (in. v.^nu-. 
arsenic up to (K> per cent. in mmu* »id«d> , . 
alloy for firebox stays. Owing to iu i>*» u, v , 
few competitors until mviilh, but «*ih«u .db ■ 
used, and it is probable (hid th« i u ... 
much less used in the futim* limn thm : »tr- »? 

Copper-Nickel Alloys. Unppi-mm . 

nickel has been used fur Ihrb.n j.i.h- > . . . 

alloy maintains its strong!h uuu w* II .** i . 
it has been Btatod that it fuililn nil t!,«. «. 
factory and reliable stay nmf«ml i ?./ . 
obtained in actual practice Imw* n«.t U ->... 5 
containing 2 por oout. of nickel m n-. d i*. .» 

Sir Gerard Muntz has nlalml that u u . . , ,. < 
this alloy they rarely ml urn to tin- u • ,f , 

■ The alloy is only sligh tly 4 » 1 ,»,,,, , ' , 

Manganese-Bronze. An alloy t ' uu lt 

copper and 4 por cent «|, f *< „ * 

ascupro-manganoHo, but wild cm n :>r ,u' t 
is now very largely uml, bull. !!( ?; 
firebox stays. In a report submit u * • 
desMdthodes d'Essais dw Mm. t mm dr i - 
firebox stays, Le Blunt 8tnf«i tf.m t t, 

!east sensitive to heat j M ntjm* , , 

the matter stands at present, 0^ «,.■» - f . 

°f breakages is nupromaugan, , , 

the action of the \ t tmAlig f ti ,. 

the lines of stays which hm«k ♦», 
possible from the fire." Ur *• , ‘ ‘ ' ** ^ ** 

; ■ 





M ..In II,or tl,„ N„rtl,„ m R„,n wav of If™ 

Hitiemblo mtom-it. " 0 * ranoe , are of con- 

Twfuity lo(somotivi-H worn fith-rl ,„{fK 
m tho upper thm, horminUd ,,„v H of 
,MW ’ k «>o ivmainhiK „u VH hoinrr ^ P ^ and the 

hmi llSf> 0,1 pro mangfimvsn H tay,s and 986 ^ firebox 

i)oil<>r pn'HHuro whh 213 n w . por H • T Pper sta ^ s > the 

^aka.,.of oupro>niunj;miftHo hIuvh 

stnyn worn broken, fn unit,,* of Mm r„/.t i h 1876 C0 PP®r 
mmif'aiuw Htavn worn nhetsd h 'r 6ro ^ ore > tbat the cupro- 

tl»a bmiknj'i'Hwm, ,,, ' y’ VZnrZT^ *“ 

»taVH won, (,«■« l.i„„ sl a „ f,.,„ 1 the breaia S« of copper 

Htayn, Another hh, of twoufy fi V o Jo 7^°* ^ ° Upr0 " man S ane8e 

S=x-“^-sr35S 

S&^ea^BSSSS 

sS^Ksar.a-K^g 

iru nr/s 7. Manganese Bronze 

““ Urass Urn,, a ,, y . A( , ltlw b t * 

iTZZlT” <» t«™°% ond ductility C 

to tho W “T ° r “" t,H ’ mplm a,1 °y 8 oupro-manganese 

j^tUtaT ^ “ <?<l h ‘ ‘■'““I-rntaro, appears to be amply 

byHrrrf/T 0 ^' 1 ^ f0rflrobra ^ have been msde 
IW tov Id t T W ° rk “ ° {tbo u '>»“*ire ««i Yorkshire 
lo Z’ n “ ™ Ult "' to « 0thor wilh th “ »»•&■« «f the alloy. 

after Cil fc r'? ,myinS tobto - Tb<i all °y s were *»« 
-I nil bf *"! h0UrS at 750 ' in *• laboratory and also 
W nine hours in a locomotive firebox. 






















































CHAPTER VI. 
CORROSION- OF ALLOYS. 


In spite of the foot that the influence of oorrosive liquids cn 
metals and alloys is an important problom in many industries, 
there is very little available information on the subject. This is 
probably 1 due partly to a widespread roluotanoo to publish the 
reunite 'of•.practical experience, and partly to the difficulties of 
experimental investigation. It is obvious that experimental tests 
can seldom reproduoe the conditions which obtain in practice, but 
it is nevertheless possible to obtain comparative results which are 
of considerable value. 

The prooess of corrosion may take placo in several ways. The 
simplest of these may bo described as chemical corrosion—that is 
to say, the alloy is merely dissolved in the liquid in the same way 
that a simple metal is dissolved in acid, such as zino in sulphuric 
add. 

A more complicated process of corrosion ooours in the com¬ 
bined influence of a corrosive liquid and the atmosphere. This is 
of very common occurrence, and is frequently observed in the case 
of copper alloys, the maximum effect of the corrosion taking 
place at the surfaoe of the liquid or when the metal is alternately 
immersed in the liquid and exposed to the air. An example of 
this is seen in the oorrosion of brass by salt water. When totally 
immersed the oorrosive action is slow, but in the presence of the 
atmosphere oxychloride of oopper is produced, and rapid oorrosion 
of tho brass takes place. 

l*o rh aps tho most interesting and the commonest type of 
oorrosion is that which may be described as eleotro-chemica! 
This ooours when two bodies possessing different electrical 
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properties are immersed in contact with one another in » mrr.-.u.- 
or conducting liquid. Owing to the dillbmmv of 
between the two bodies an electromotive form in ml np, «<r, m 
other words, a galvanic battery i« fornmd, ami t»im of ti.»« } 
passes rapidly into solution. For thin mourn no tab* an*! all**;* '* *4 
different properties must not bo placed in ruutart major l\ j .) U 
Here we are dealing with two metals or a Huy a in cnitm-t, m, 4 th*- 
case is comparatively simple; hut it follows that th«> a -in.ji 

will take place in a single alloy if it in not i„» , ,-i t,. 

structure. For example, an alloy wlm:«* mint if u n!«. i -; »; >>',* 

on cooling, or form compounds which impaiato on c • u li 
almost certainly be rapidly corroded on a* mint of th<> «ud> r*m * 
of electrical potential between the mrditu* nt * Ihi, t* o 
forming solid solutions arc usually better able to r* 4 4 n ^$4 t 
than non-homogenoous alloys. Impimtma dm* to ?h». . 

treatment of the alloy, such m\ droan, idur, «»vtd« »t , ‘A**' * 
a similar manner. Thus in the note »>f copp. i nil << . f f, «W 
of copper oxide is partieulurly injunmm, no I th«* J'btw - 

copper formed by tho action of air and «v n a m, r ,, s , » fjj*|,, 
accelerates corrosion in the name way. Tho milo }1 ..., * m * i 
on corrosion has roooived mom attention in the (i g|# ! »> . 
than in tho case of alloys, and it is well hmmn th k |n», 4ll , ^ 
in a pure state aro only soluble with duhrulty ’*£, t, 

the same metals in an impure slat*- ar*< sra,iii| ^ub|» )u U*< 
same acids. Unfortunately one of thn urn it, mj&fcMH 
is usually ovorlookod in Hpita of thn fact tl«i JH» *£ t UMu 
occurrence. Oxygon in the form of irmultm ij 

products is liable to occur in nearly nil m« UI&, &%<{ **/,. ., ^ w ,| 

a frequent cause of local oomwion and juttim.yl j, a s « Ui * 

received more attoution in thin connect mu «t<a d u „ t u 

fact that its presence is not imlicated in 
chemical analysis. Copper is tho um» * pt„‘, lt m u n , 
is ever determined. 


Metallic oxides appear to bo pram icdh* ,u.„,|,,u„ , u , y . . , . 

wi occur M particles varying iu w,- awl 1 

mthemeW. Photograph, 64 a,„l hr, „* wt,,,, f„„„ M 
fetched scctiou „f » ], K »m >oli p Ul „, „ 

ototrate the appeamn™ ol <,<„!« (i„ u,« v » 

mte the microscope. Tl» importwm, of U» crid. rf t 

il 




oxide particles on the corrodibility of the metal can hardly he 
over estimated. On immersion in a corroding liquid each particle 
forms a Btnall galvanic couple with tho surrounding metal and 
becomes tho starting-point of a “pit.” 

Tho dillbroncoH of potential between metals and their oxides 
have hoou insufficiently studied, but it is probable that in nearly 
all eases they are of much greater importance than the differences 
of potential between the metallic constituents of a non-homo- 
genoouH alloy. Tho ordinary electric accumulator or secondary 
battery may be taken as an example of tho practical application 
of the difference of potential between a metal and its oxide ; and 
an example of the influence of an oxide on the rate of corrosion is 
to be found in tho well known fact that when tine protective 
oxide coating on steel is partially removed corrosion of the 
unprotected stool is greatly accelerated. 

Experimental results on the inlluence of oxides on the rate of 
corrosion are scarce, but a series of tests carried out by the author 
ftutl extending over several years may be of some interest. A 
number of steel plates rolled from ingots which had been 
candidly deoxidised by the addition of silicon, and a number of 
plates rolled from the same steel made in the usual way, were 
exposed to tho London atmosphere and at tho end of every six 
mi tilths they were carefully cleaned and weighed. The experiments 
were repeated on different makes of steel, and in each case the 
result showed that the corrosion of tho ordinary plates was greater / 
by 24 per cent, than that of tho deoxidised plates. It is evident, 
therefore, that the diilerence in corrodibility between a well-made 
alloy and the same alloy badly made may be greater than the 
difference between two alloys of different composition, and unless 
tUoso facta are taken into consideration tho results of comparative 
experimental tests may be very misleading. 

In some oases the process of corrosion stops itself automatically 
by the production of compounds whioh hinder further corrosion. 
Owes of this description are not uncommon, and an example of 
the greatest importance oocurs in the employment of lead pipes for 
carrying water. It is well known that load is appreciably soluble 
in water, and to suoh an extent as to render the water unfit for drink¬ 
ing purposes. Moreover, nearly all waters contain considerable 
quantities of sulphuric acid in the form of sulphates, which also 
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f have a corroding action on lead ; but the piodu.f ..j ih. t • 

'f in this case is a practically insoluble comjHMiml, b ad ■> . 

forms a coating on tho surface of the* metal and »*‘t .. -< 

vents further corrosion, either hy hu iphni«*r bi Hit » » 
Similar incorrodible coatinga aro formed nn i ni , 

an interesting example may bo cit*•«! tu tlbt -u Ui -> u 
another protective influence exerted by m<«* mm iuci *i 
This is found in the case of an alloy of guj-i •si«| . 

50 per cent, of each metal, which in pmrjjrijlj- >j. . . • 
ordinary acids. In hydrochloric acid or mpu* s» ,<* » , 

silver chloride is immediately formed, and id! u» * 
nitric acid the silvor on the Hurfneo in dih«*«l%. -, (S < o, , 

then protected by a coating of gold whn*h j-rr •„»,/, • -f<. . ,, • 

• taking place. This fact in well luumu {«»»lf »i 
and in the operation of "parting “ bulimu , . , 5 

the silver with acid) it in nm-wary rh.if fi„ ;S „ } .. « , < 

should be considerably in excej.»i of tb«- g,.; *; 

incomplete. Certain copper adopt {JS .* v; ,. 

the alloying metal being dhevihvd out unf;! .» * . 
remains, which is only slightly acted upm b* ? f», ,• f - * , 

These facts are of tho greatest impmumv lM , t «i, , t , .^’ g , 

borne in mind whan considering the remit-* ,,{ r4 . , u 
ag they will frequently explain the «t,„tlmg \, u ” 
fche re8ulfcs of ^tual practice and tlm-r Jfl '*, * * 

tests, Nearly all tl.o results <,f ' 

obtamedbysmiploimniomionoftlmi.il.., ... a.,., 

or other corroding liquid, but in ..‘ * 

usually accompanied by mwion t„ * „ r , . 

the effect of this wusiuii it. ..., 

erpoemg fresh surfa,a l„U„, . ' ’ * 

miagined, although it is , , ‘ " -‘ 

pother unavoitlaldo drawback .... 

suffer, is the fact that the results a.-,. ,. ..., ’ .. ' 

loss of weight over a give,, surfa,.,.. U 

eomd.b.lity of difforont it ' " 

of wi»/om corrosion and tlm.ws ,,o I.,,).i " ... 

»d breakdown occurring i„ *»'*-■' --» * * <• - ♦ 

almost invariably caused bv Incut ^ ■*>»* 



u u weight diBtrfi >^d 

or r'j« u»,« . ■ u nnoim corrosion { a „ 


w U™ known factor, for which ,L 1!!°® T*™ 0 * k 
lm{ ' local corrosion in an unknown r \ ' b ° made in design, 

... nnm ^ 

■>f .-.Li. i, y „ m WIl(Wi zzz : u v* th6o °™»» 

Ul - Mill,.,, ami Urk in ; J ™“ ‘“r b <> b ™% referred 

“f an alley ,„ <Ii„u,. (T „|„n„ l f„, m “ ,T° T 8 ^ ”% 

in attacked iW a wholo mi,,,.. r , ^ W uc ^ ^6 metal 

-.- ..t tin ™ >* «*, p61 . 

. 

■-'™’nta“" v, !r , " t - i “ r WH tiuit h ™ * *■*«« 

IcmoKonoouH ’ *' “ *“ UlOHU wIlich ar0 comparatively 

S£§ISSSS 

s-Se^tmisss: 

im-uLrilit >0 f tllU J t0 &VMllr,lbl0 com ' lifcious furnished by local 

in tho dint rU °i■ T Btruoturn » producing local irregularities 

m U»i. diHtnliutum of galvanic cummin. 

,vl,ik!'l,!a| r b T *" " m wator > Un ta distinctly preservative, 

n ! ■!?" m b " U ‘ ra ' ldOTi “S Malloy mom 

r^L“T m , Th ° 0< th ° 

for nor J " llm , *° ^f’ 1, ,UI '°' r 118 I’nssii'lc in all brass intended 
«« w,n Wl ‘T witl ‘ 8011 w “tor « inevitable, 

fatnmau! r “ 7 * “inimum of corrosion tk 

"n,r^ .r^IT T^““ M ta, ’“ bt > « smooth and uni- 

r n asposebto; and in order to ensure this condition, thecal 

' Z ?“ Wh ‘f * '°y M0 d™™ should bo smoothly bored inside, 
the m- m ° *° *, rawlnf f i 8 eenimonced or in an early stage of 
the ss, as ,» done i„ the manufacture of brans boiler tubes. 

I l be onpomnouls with an applied oleotrio ourrent show that 
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electrolytic action alone, oven when* ov«--hr-ty mmnu >.• 
are employed, may result ia mvmv mru».u>u or -h • • • 5 

effort, thereforo, should bo made i*. prevent nm-h m-lmo !• «> ■ ' 

insulation of all olooLrio cable* Wlim.- g.tlvmis.* »«te-n ’* ' 
evitable through the proximity of diill-w ut nv t dm .-»i » i- 

same electrolyte, the oummta ivhuIi niu ;4i«<ul i h<> m- t. • 1 

the application of zinc platan in Ili«* n>vm(, no .1 ibv < ^ 

will be negative to both of t.lm oth.-r mm tin '* 

Diegel has studied the mum' rmhjr. t, .md in- *- - f 

summarised as follows: -Ho iiudu tin! m Is* 
zinc the addition of niekol exrnlH a S»mi. si. i.il it*!' 

contrary to the experience of Mr itle.-lm who-- .*• » ! 

considered labor), who trial cm that " from a jo u d ?**■ u* f > « 
nickel is incompatible with low ptiremiiarm hr »■> < 

The loss in woight in grama per «<pun» m. tw >4 .<-?v ^ 

suspended for twelve months in tmt nni -1 m ir.. i. ! , I*. , ^ 

Mild stool ... 

Oopper-ninlcol (4‘i pur rout Nl) 

,, (id) jmr nmt. Ni) , - : « 

Coppor-iriuminium (!< per mo, All . n >• 

In contact with iron the alloy* HUlh-i<'d ju «,»?>. dSv »».. p .»,# 

Iron or zino plates are almost mvanitidy n«» ! U>t *Pf> > 
of condenser tubes, and if those are of mitt tbb c.., F . v 

properly made troubles duo to norm <mn ore 11 ,, % 

This is borne out hy the «tn turnout m Mr Aits ri.u.v v 
Admiralty chemist at Portsmouth, who rays •• t« »j, ,t *> 
fact that some millions of tulms am lu utm m tho llm, 4 S , - 


any given moment, tho numlmr of earn a tmuutm nod. t h>« m 
in which localised corrosion him been oh » ru 4 4< t «.» )f . t 

amount at the most, to more than about t«n p % .i.n.Tn' 
attributes the freedom from eorro; ion t<* i} l!( „ , , % j, 
to the composition of tho alloy; necmdlv, «. *?. . - r , 

manner in which tube manufiictmvr. as. ; - 

of the exact composition specified ; iu«|, ti.udh, ? . «.. - , . 

manner in which tho uho of steel, iron, „ r ■,m,/ F . s . -.. r 
bars has always been insisted npm 
As regards tho ooppor aluminium alloy ^uu.t mn l'4, » 


.ave compared five alloys of copper *».< ulnmmun*, 
ietal and naval brass. Tho nlloyf, m, r e «tr 1WTfl 4 <H j 
r hieh was changed every week, and tho 


»iih 
iti *.'* 
Cf|4l ■!«•? 



m 


alloys. 


of weight in pound* per square foot per moni-h 
m the following table P ° nth ’ are s ^n 

Alloy, 


0 

il 

l.'i 

Munt7, metal 
Naval ImiHH 


Composition. 

1 ‘(Hi jn«r cent. Al. 

5 '07 „ 

7-:u> „ ” 

y'iso .. ” 


Change in Weight 
•0028 lb. 
•0001 
•0000 
•0000 
+ -oooi 

- -0014 
•0018 


m\ wio 

Um author* explain the gain in weight in the case of the alloy 

° f a,mninimU l * that there is a 

Hlight oxidation of alumuumn on the mu-face of the alloy 

watr: t ; < i couii n r f vt : u,HtH ° arriod ° ut * se a 

1 1 at ' 1 urlmuuuUl 1 Hickyard gave the following results:- 


Alloy, 


9 

18 

Muntz metal 
Naval brass 


Cnmpo.silion. 
1 -0(5 
2*00 
5 '07 
7‘85 
l) DO 


Change in Weight. 
0-0017 
0-0009 
0'0009 
0-0009 
0 -0008 
0-0028 
0-0012 


ln 001114101 wiLh inm ailfl under the name conditions the alloys 
were completely protected, while the iron lost -008 lb. per month. 
On the other hand, in fresh water and in contact with iron, the 
aluminium alloys were corroded, while the Muntz metal and naval 
iratw mi fibred no loss. The actual results wore as follows:_ 


» 6 

9 

18 

Hunt* motel 
Naval bratm 


OompoBition. 

I -0(5 per emit. Al. 

a *90 „ 

5-07 ,, 

7-36 „ 

9-DO 


Change in Weight. 
•0008 
•0008 
•0008 
•0010 
•0010 
•0000 
•0000 


In these experiments the aluminium alloys were from oast 
sampki, while the Muntz metal and naval brass were from 
rolled samples, so that the results are not striotly comparable. 

Manganese-bronze is practically unafleoted by sea water, and is 
in oonaequenoe largely used in the manufacture of propellers and 
propeller blades. -Rolled or malleable phosphor-bronze is also 
little affected by sea water, and has proved satisfactory where 
brass and steel were useless. 

Apart from the corrosive action of sea water there are many 
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important industrial problem?) cormooted with the corrosion of 
metals and alloys. There is a considerable demand, for example, 
for alloys suitable for the oonstruotion of pumps and pumping 
machinery dealing with corrosive liquids such as acid mine waters, 
and also for alloys suitable for evaporating pans, stirrers, etc., but, 
as already mentioned, there is very little reliable information con¬ 
nected with these subjects. 1 he HonifaeiiiK dual Mining Company 
of Westphalia made ttseri oh of comparative oxportmentH with wrought 
iron, steel, and delta metal, which showed very decided advantages 
in favour of delta metal Barn 7 }, inehoN long with a Hectional area 
of *62 inch were immersed in the mine water for months and 
the loss in weight determined. The results wore as follows - 



Wrought, Iron. 

Htaol. 

Weight of original bar . 

1*1806 

1 **2126 

Weight of corroded bar. 

*83513 | 

*8(514 


5 A series of experiments on the corrosion of copper alloys by 
acid mine water has also been described by a writer in the'/fm** 
World, In this case the water contained UpftH per cent, of f r « 0 
sulphurio acid and 49*90 per cent, as sulphates. The six alloys 
tested had the following compositions : — 


Alloy, 


Manganese-bronze, oaat . 
Manganeso-broiizo, rolltul 
Muntz metal, rolled 
Bronze .... 
Red brass 

Hydvaulio metal . 


Ooppor. 


57*20 
8 * 2-46 
67*66 
ft ' 2‘80 
HO *7 6 


40*14 

86*00 

40*02 

178 


H8*0P 


fl*0o 


Tin. 


1*18 
0*68 
1*49 
17*70 
8 73 
10*81 


Lead. 

Man* 

glMUMMV 

Alu¬ 

minium. 

Iron, 





0*02 

0*08 

0*10 

1*3,*5 

9*06 

0*02 


0*84 

0*66 



0 38 

8*74 



0*05 

O 10 





The relative losses expressed in weight per cent, were- 


Hydraulio metal 
Rod brass 
Muntz metal . 


0*6H . .. 

0*70 Mangainmn hrotizc (rnllfil) 
1*83 < MinigaiieMH-hruitzc (cuht) 


2-00 

4*:m 

0*37 


Unfortunately, in these experiments the samples were of 
different shapes, and it is obviously misleading to express the 
results in weight lost without considering the extent of surface 
subjected to corrosion. Kvidently the results require confirmation. 

With a view to determining the relative rates of corrosion of 
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l.'H) 


copper «uc.yH m mud aucuor carried out a « 

toHtH Oil the following fourteen commercial copper alloys 


carried out a series of 


1. tiun-mrlal. 

2. Cant, gun-nuitnJ. 

H. ()ant. brass. 

*1. Helled brims. 

• f| - (V<t phosphor-bronze A. 

. 11 . 

L „ ,, 0. 


8 * Oast phosphor-bronco D. 
9. MftiigiuioHodmmzo. 

10. Immadium bronze I 
V- » „ II. 

12 . Aluminium-bronze, 

10. (irot.oni. 0 , 

H. Rolled phosphor-bronze. 


riin h<|m,l» m-hntal m HiilpJuinu acid, sulphuric aoid contain- 
"' K B11 !' lwt0 " f "■’>“> hydrochloric aoid, and hydrochloric acid 
mutau.h.K Helium chloride. The results, which are only 
cmnjiaralivo for tho suries, am K ivo„ iu grama dissolved per 
Hquiuv tmd.ro of Hurfmm. 


(VmilOHlnN in A 10 mm CUNT. Sou/TION OF SULHIUUIO AOID. 


1. Immadium-broiizo I . , . t 4-23 

2. Rolled phosphor-bronze . , . 6‘81 

8. Aluminium-bronze .... 7'00 

*1, (tint phosphor-bronze O , , 7-37 

5 . Rolled brass ..... 7-43 

tl. Oast, hrusB.. 

7 . Rolled guimuotal .... 7 -L 2 

8. Cast, gnti-melal. 8*18 

fi. Oust phosphor-bronze 11 8‘54 

,0 * o o D . . . 1056 

ll * » ». A . 11'36 

12. Crotorito.U -48 

18 . Immadiuni-lirotize II. . . . 12*02 

14 . Maiigtuu'ao-bronzo .... 13*83 


OORKOSION IN SULI'UUUK) A(UI) 


INd Tiion Suliuiatu. 


1. Immudlum-brouzo I . 


. 8'47 

2. ,, „ II. 

8. Oast phosphor-bronze A 


. 12’02 


. 18*86 

4. 0rotor!to . 


. 21*96 

6. Rolled phosphor-brouze 


. 22 f)l 

fl. Rolled gun-metal 


. 23*06 

7. Manganese-bronze 


. 23*62 

8. Cast phosphor-bronze I) 


. 23*67 

9. Rolled brass 


. 24*68 

10. Cost brass . 


. 24*80 

11. Cast gun-metal . 


. 24*91 

12. Oast phosphor-bronze O 


. 26*81 

18. n „ B 


27*18 

U Aluminium-bronze . 

. 

. 29*76 










CORROSION OK AM.OVH. 


Co«bos» .n a 20 p«b onm. H, 

1. Immadlura-bnmzo I • 

2 . » „ n. • ■ 

3. Rollod brass • 

4. Mimgimoso-hmiwi 

6. Railed phosphor broir/.n 

6. Alumhnum-brouwj . 

7. Oast bnwm . 

8 . Crotorito . 

9 . Rollod gun-moUil 

10. (Just plioHjilior-broiize A . 

11. Oast guu-mttUl . 

12. Oast phosphor-lM-mx*' U 

18. „ M ’ 


Corrosion in a Solution ok ‘20 nut n.si llu-i, . it* «»*• 

Aon) AND 10 PKU MK.NT. i»K S.•*.»* »■ 

1. immadium-broiwc II . , . . - 4 

2. Rollod brans . . * ■ 1,1 

8. Manganono-bmnr.u ■ • •' ‘ 

4. Immadium-bronw I . . . ■ 1 

6. Oust brow . . • • > 

6. Aluminium-broil?.!* . . • * *• Ji 

7. Orotorito .... • 11 1 

8. Coat phosphor br<*n?,e A . . lf * 

9. „ „ H . 4*5 I'« 

10. „ „ O S* U 

11. Rollod phonphor-br»tii?« . . » l * Si 

12. Rollod gun-metal . , . , fil 

18, Cost gun metal . . . . . si ‘rt 

14. Oast phosphor-bron*** l> . . . £i S*i 

Mr Rhodin has mad« a special utudy of ih»* ci.it, •.-u f - ; •* 

alloys, and ho divides alloys into two daws wlmh he «$* <• * ,!>-• a ** 
“balanced” and “unbalancuxL” Balanced nil*an rum. 
to bo analogous to double anil#, and tin* ii»c.**y *>f «d »i> u ta 
followsi—When brass (to tako an cjuinp:*-' - 1 . ; . >. 

ohlorio acid, zinc chloride and copper d»!"<u<d ufr* * . - - 
the heat of formation of ?.iuo diinrido r* rn %i* r 
copper chloride, hence in order tlmt flu* t-t 4 m. I IV 

system may remain balanced, tlio " tendency t«i h^>hv m *1s 
vary directly as the hunts of furmatinit,* Flirtfl,« *M*t 
and copper will carry current in thn titttvt *4 in j 

conductivities, and dividing by tlm dcwdtir*^ m>- *%•.* 
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expressions representing the ratio of the weights of each metal 


dissolved. 


V x M x C 

'' " 1 > 


whore V is tho valency of the. metal, 

M the molecular heat of formation of tho chloride, 
c tho conductivity, 
and I) the density. 

In the case of brass, these expressions give values for copper 
and zinc of 61 and 30 respectively, which is approximately the 
composition of Muntz metal and the alloy which Mr Rhodin finds 
the least corrodible of the ooppur-zino alloys. In confirmation of 



this theory Mr Rhodin states that tho addition of a more electro¬ 
positive metal such as aluminium decreases the solubility of a 
brass containing 70 por cent, of copper, but increases that of 
hrooo^r, wifi, loon r.han 60 por cent, of copper; whereas the addition 
re metal such as tin lias exactly the reverse effect, 
oapare the rates of dissolution of alloys 'Mr 
d an apparatus for measuring the volume of 
luring a given time. Tho apparatus is shown 
•.plains itself. 1 The wator-bath in which the 
immersed must be kept at exaotly the same 
wo burettes are provided with a three-way cock, 
i be taken at intervals of ten minutes by using 
re inserted by permission of publishers of Engineer. 







CORROSION OF A!'l'° * iS - 

,burettea alternately. The alloy tn h•! n o ■ • 

•e about 0’5 mm. in diameter, ami a .. . ■ 

provide a surface of 3 H( l- om ' . ., " f' ' 

>d aB ft solvent, and Tor «TF>- *«“*“ “ " " ." ... . 

totained. Kg. B 3 mpMenla wane eurvra ,•»... !■> ■ 

typical of the following alloys: - 



10 20 30 AO 

Iwir tn imnuU'i 

Fm. !>’.!, Jtliixlm’x 'IW.J < 


I. Copper of good tpiulit v. 

II. Brome containing 5iu jirr rt'ut .ft o 
III Admiralty gun-mctal. 

IY. Muntz motal amt vary r<m*l nnn. 

Y. Brass containing 70 pnr emit d r..; j ^ 

VI. Low percentage hnutw;i, rods m itmt 

VII. and VIII. Low pmveutaj'n d 

type which contain incompatible ingt* tHent ■» 
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As the result of his experiments Mr Rhodin arrives at the 
conclusion that iu a given series of copper alloys 1111 fcho alloy which 
has the flattest and most regular dissolution curve does at the 
same timo possess tho host mechanical properties.” 

A groat many papers have been written on the subject of the 
corrosion of non ferrous metals and alloys bo which it is un¬ 
necessary to refer in detail hero. An excellent summary of these 
papers has boon given by Bongough in a report to the Corrosion 
Committee of tho Instituto of Motals published in 1011. 

As regards tho corrosion of stool and iron alloys I have has made 
a numbor of exhaustive trials with wrought iron, stool and nickel 
stool. Tho plains tnstud in those experiments weighed 2597 lhs., 
and tho total area exposed was 92N sep ft. Tho results are 
summed up in tho following (able, wrought iron being taken as 
the standard in each case : — 


Lsmi Water, 

Frtwh Water. 

Atmosphere. 

A vertigo. 

Wrought iron 

inn 

100 

100 

100 

MiliUtocl 

114 

1)4 

10 H 

108 

8 pur cant, nickel stenl , 

88 

80 

(17 

77 

26 per cent nickel stool . 

112 

:i 2 

80 

81 
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CHAPTER VII. 

COPPER ALLOYS, BRONZE. 

It is m iult unary to e.unHider the alloya of copper under throe heads, 
visa. (1) The bronzes, nr alloys consisting mainly of copper and 
tin ; (2) the brasses, consisting mainly of cupper and zinc; and (3) 
other alloys of hopper. Although not an entirely satisfactory 
ol&HHilioation, there is much to be said in its favour, and it is to be 
regretted that manufacturers m Home instances uso the terms 
brass ami bronze indiscriminately. Alloys, for example, contain¬ 
ing from 60 to 70 jmt oent. of ropper and 30 to 40 per cent, 
of zinc, together with small percentages of iron, aluminium, or 
manganese, would bo far more accurately described as brasses 
than bronzes, and yet these alloys aro frequently described and 
sold as bronzes, If snob alloys contain aluminium or manganese, 
or oven if these metals have been employed in their manufacture, 
they might described ft* aluminium-brasses or manganese- 
brasses, but, nut bronzes. The terms brass and bronze arc so 
firmly established in the English language that it would be 
impossible (even if desirable) to adopt any other classification, 
and the words should therefore be employed with discretion. 

Bronze. 

Historical. Tho word bnmz'' t derived from the Italian bvonzo, 
appears to have been iutroduotni into tho English language in 
the 16th otmtury. Tho alloy, however, was known in very early 
times, and a rod of metal found by Dr Flinders Petrie at Meyduno, 
and estimated to belong to a period about 3700 B.C., was found 
to contain 8SP8 per cent, of copper and 9'1 per oent. of tin, 
141 
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together with small quantities of impurities. Whether the tin 
is present as an impurity nr whether it wan added intentionally 
it would be difficult to Hay ; lmt it is curious that the proportion 
of tin to copper is vory nearly the same as Unit- of modem bronze. 

Some battle-axes and other objects from the deposits, which 
Sohliemann dated at about 1200 ami which he identified 
with Troy, were found to consist, of copper and tin, the tin 
varying from ILK to Hdi per cent, ; whereas the objects found 
in the earlier deposits were of copper. The oldest relic which 
can be dated with any accuracy is a seept re of l'epi I. (tlth dynasty), 
which if* almost pure copper. All the available evidence seems 
to prove that a copper age preceded the bronze age, and it is 
more than probable that the production of bronze was in the 
first place the remit of accident, amt that, the intentional addition 
of tin to copper was only the result of experience, bronzes have 
boon found in Egypt dating from very early times. In (1 recce 
bronzes were very rare in Homeric, times (put) n.cj, and the tlreek 
and Trojan herouH (l 194-1181) used cupper for their armour, 
swords, knives, and spear-bends. 

As regards the relation of the bronze age to the iron age there 
has been much controversy, and it bun been proved by recent 
discoveries that the iron age is of a much earlier date than was 
formerly supposed. At ibdlsfadt, in 1’pper Austria, no less than 
6084 objects were obtained from a prehistoric cemetery. These 
include tools of copper ami bronze and swords both of copper 
and iron, together with those of a transition period having blades 
of iron and handles of copper. Mont elms considers t.lml the 
bronze swords belong to a period about KhO tu OUU n.a, and the 
iron swords to a period about, (UK) to -ItlO it.e. 

In Egypt, Assyria, ami Babylonia instruments of bronze have 
’ together with those of iron; while in Ireland, 
other countries weapons of almost pure copper 
i to those of stone lmve been found ; so that 
conclude that, the bronze age overlapped on 
i tno age of copper, ami possibly the age of stone.; 
vtt woe other hand, the great age of iron. Tho earliest 
bronzes consist almost entirely of copper and bin ; but many of 
tho Roman bronzes eon tain large quantities of lend. The addition 
of load is, in fact, due to the Romans, and first appears in arn 
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siqnatwn t‘J9—1 />[ u.o.b The following table ^ives the analynes 
of Homo ancient bronzea : 



(tnpfn*r. 

Tin. 

bead. . Ioni. 

Celtic voHHelfi. 

MHO 

12 si 


Bronze liailn ..... 

Ofci 

4-0 

! 

Bronze (Troy, 1 V()(l n.c.) 

yo'7 

H '(J 


Broitzo ,, ,, 

SK!-H 

f> ‘7 

i 

Roman award Made .... 

IU'4 

H *4 


Coin of 1'l.ohmiy IX 

S I ‘2 

K. 0 


Athenian coin. 

HO-4 

9t» 


Coin of Aloxiuidor Uio (iroal 

HU 7 

la-.: 


Axo lioad ... ■ . ; 

HN HI 

II'2 

0'S ■ 

Attic coin.. j 

HH‘f» 

< Km 

ft 

(Join of Julian ('uoiar . , . . j 

7l»i 

8-0 

t'.’/H ' 

Roman Ah. (li.e. f.00) . 

fl»7 

7 ’2 

1 21 'K ; tHt I 

.Sword lilado . . . . . j 

H|l'f» 

1«'(J 

0-4 

ICgyptinn nUU.no. ' 

1 Ht "2 

«•(. 

tli-U 

,, Htiituoltc Omit* ( ion 2(HI n c.) 

7tt\s 

11 '2 

11 7 | 

Greek hULuo, liflli .•out m> n.c. 

H4’& 

(IT. | 

f-'.H | . 

,, ,, fourth ,, ,, 

HtCO 

li 1 . 

j (i ; 

,, vane ,, ,, ,, . . i 

[ HI 7 

10 ! 

.v:t ■ id > 

Roman nlntu« , , . . . ; 


id's : 

10",! <cl 

,, HtatuelU* .. 

1 7»*H 1 

wo j 

1 ' I , <e| 


The proHoneo of lorn I in hrHuze was probably duo, in (ho fm»t 
piano, to the fuel. (hut (ho tin was adulterated with that metal ; 
hut it wan probably noon (Uncovered that the addition of lend 
conferred valuable proportion upon the alloy, and the bronze* of 
later date alnumt invariably contain appreciable amount h of lead. 

The preHoune of ziue in bronze was also probably the result 
of aooidtmt, due to the introduction of zino ore into the furnace 
charge, An KtriiHeau bronze, dated the fifth isontury im\, wan 
found to contain 0‘7B per cent. of zinc. Ivtrly Japanese bronze# 
have hIho boon found to nmlmn appreciable tpmntitien of sdno m 
well an lead. 

Modern Research. 'l‘he moot cunvement date from which to 
begin the Ktudy of intHlcrn nmem-rh <m (he copper i in alloy a 1** 
1879, for in that year (he Conunittee mi A1 leva appointed by the 
United .Staten Board publiHhed a table m which the remtltM of 
thoir own renoarohen and (hone of previous workers were oolkwted. 
Thin table ban been frequently quoted in books dealing with 
alloys, and m it eontaiun much valuable information is a eon 
donned form it in innurtod here :—• 
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Order nf Kumllillil.y. 
(Mullet.) 


11 arduous. (Mullet, 
Culvert, Jolummi.) 


Uolutlvo (mobility. 
(1'lmi‘Mtoii) 


Order of imotiUty. 
(Mullet) 


:£ 8 'h 


M £ f§"'Hg 
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Properties of Cuppeh-tin Alloys 


ALLOTS. 


mo 



Al.otnIn li'ormnlu 















































152 


ALLOYS. 


LIST 01? AUTHORITIES REFERRED TO IN PRECEDING TABLE. 

Bo.—Bolley, Essais et Jteeherches Chimiqucs, Paris, 1869, pp. 345, 348. 

Ct.—C roockewit, Erdmann’s Journal, 1848, vol. xlv. pp. 87-93. 

0. J.—Calvert and Johnson, “ Specific Gravities,” Phil. Mag., 1S59, vol. xvii. 

pp. 114-121; “Heat Conductivity,” Phil. Trans., 1858, pp. 349-368. 
De.—S. B. Dean., Ordnance Notes, No. xl., Washington, 1875. 

La.—Lafond, Dingles Journal, 1855, vol. cxxxv. p. 269. 

Ml.—Mallet, Phil. Mag., 1842, vol. xxi. pp. 66-68. 

Ma.—Matthiessen, Phil. Trans., 1860, p. 161; ibid. , 1864, pp. 107-200. 
Mar.—Marchand and Scheerer, Journal fiir praklische Chemie, vol. xxvii. 

p. 193 (Clark’s Constants of Nature). 

Mus.—Musschenbroek, lire’s Dictionary, Article “Alloy.” 

Ri.—Ricbe, Annalesde Chimie, 1873, vol. xx. pp. 351-419. 

U.S.B. — Report of Committee on Metallic Alloys appointed by United States 
Board to test Iron, Steel, etc. 

T.—Thomas Thomson, Annales de Chimie, 1814, vol. lxxxix. pp. 46-58. 

W. —Watts’ Di'iiouary of Chemistry. 

Wa.—Major Wade, United States Army, Report on Experiments on Metals 
for Cannon, Phil., 1856. 

We.—Weidemann, Phil. Mag., 1860, vol. xix. pp. 243, 244. 

In the foregoing table the figures of order of ductility, 
hardness, and fusibility are taken from Mallet’s experiments 
on a series of sixteen alloys, the figure 1 representing the 
maximum and 16 the minimum of the property. The ductility 
of the brittle metals is represented as 0. The relative ductility 
given in the table of tbe alloys experimented on by the U.S. 
Board is the proportionate extension of the exterior fibres of the 
pieces tested by torsion, as determined by the autograph strain 
diagrams. It will be seen that the order of ductility differs 
widely from that given by Mallet. 

The figures of relative hardness, on the authority of Calvert 
and Johnson, are those obtained by them by means of an 
indenting tool. The figures are on a scale in which cast iron 
is rated at 1000. The word “ broke ” in this column indicates 
that the alloy opposite which it occurs broke under the indenting 
tool, showing that the relative hardness could not be measured, 
but was considerably greater than that of cast iron. 

Since the publication of this table tbe copper-tin alloys have been 
subjected to a very thorough investigation, and their physical and 
chemical as well as their mechanical properties have been studied. 
It would take too long to consider the various researches in detail, 
the results may be briefly stated. The melting-points and 
licroscopical examination of the alloys have already been 
and in addition to these Laurie (and more recently 
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Horsohkowitaoli) have determined the electromotive force; Irndgo 
has determined the conduct i ?iiy and [lersahkowitHoh him deter¬ 
mined tho heat of formation It haw also been shown by Lodma 
that tho thermo-electric jkiwnr him a maximum value for the 
oornposition corresponded to t'u B Su and a minimum for tho com 
position corresponding'to Cu 4 Sn. 

Tho variationH in tho physical properties of tho series are 
plotted In fig. hi, and it will bn observed I hat the evidence in 
support of the oxislenen of n definite compound corresponding to 
the formula Ou r Sn is overwhelming. 

A glance at the curves ropre- eating the physical and mechanical 
proportion of tho copper fin alloys (figs. 4*1 and 45) will show thai 
from a mechanical point, of view tim middle members of the 
series are valueless, and in fact the useful alloys do not contain 
more than 25 per eent. of copper. These in turn may he divided 
into two clanmi, viz : f!) gun metal, containing from H to 14 per 
cent, of tin ; and (2) hell metal, containing from 15 to 25 per cent, 
of tin. 

Gun-metal, an is well Known, derive its name from the fact 
that before the intr<iduetmu of steel ns a material for the maim 
faoturo of guns they wort* made of this alloy. 

The following table, giving the rump, mt ion of the actual alloys 
employed in Mu* mauufuefuro of otdimnee hv the difleretil 
oountries, shows that, with the eiception of the Chinese, there is 
not much diilbretiee le f ween them : 



(t.pj.er. 

Tin. 


Zinc. 


English itulmiitce 

id V ‘4 

Jl'ifri 




flpeumit'r f!iu# 

id ■<;« 

b ;t i 



... 

I’niwtmn titilieuiew 

it" id 

il-ey 




Frtiuch 

« > ,:t 





Atunritinli ,, 


lu • n 
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Tho bronzes containing from 8 to 11 per cant, of tin •**© tb® 
moat miltabln where h combumtiow of atrength, rfiwtlaity, tough* 

new, and ability in a silmtand utrnok am required. The alloy 
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containing 9 per cent, of tin has a tensile strength of about 16 
tons per square inch, with an elastic limit of 6 - 5 tons per square 
inch and an elongation of 16 per cenv\ 

Gun-metal, as has already been stated, consists of a solid 
solution of tin in copper containing a .certain amount of the 
definite compound Cu 4 Sn. When viewed under the microscope 
the solid solution is yellow in colour, while the compound is almost 
white. It is curious that this constituent does not form until 
the alloy is completely solid; and moreover, as was first pointed 
out by Charpy, it never occurs in a uniform mass, but is always 
more or less broken up. Photographs 9 and 10 show the appear¬ 
ance of a gun-metal magnified 100 diameters, and photograph 11 
shows the appearance of the Cu 4 Sn under a higher magnification. 

Influence of Heat Treatment on Bronzes.—It has already 
been shown that the bronzes containing from 9 to 22 per cent, of 
tin pass through three distinct stages during solidification. In 
the first place, a solid solution of tin in copper (Pleycock and 
Neville’s a constituent) separates out at temperatures varying 
from 1020° in the case of the bronze containing 9 per cent, of 
tin to 860° in the bronze containing 22 per cent, of tin. At 790° 
the remainder of the alloy solidifies in the form of a second solid 
solution (Heycock and Neville’s /3 constituent) containing from 
22 - 5 to 27 per cent, of tin. The solid alloy now consists of two 
solid solutions and undergoes no further change until the tempera¬ 
ture falls to 500°, when the /? solution is no longer stable but 
breaks up with the formation of the 8 constituent, which is probably 
the compound Cu 4 Sn. The alloy now consists of a mixture of 
a and 8, and is stable at the ordinary temperature. 

It is obvious from the foregoing considerations that heat 
treatment must have a very decided influence on the physical 
properties of the alloy. If, for example, the bronze is quenched 
at a temperature above 500° the formation of Cu 4 Sn (a hard, 
brittle constituent) is prevented, and the alloy is more malleable 
and stronger. The change is most strongly marked in the case 
of the alloys rich in tin. 

Guillet has made some experiments on the mechanical properties 
of bronzes quenched at various temperatures, and his results 
oonfirm the conclusions which would be drawn from theoretical 
considerations. The curves in fig. 53 are plotted from Guillet’s 
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Typ* 17 Copper 91 z *. 
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figures, and represent the breaking strain of five bronzes con¬ 
taining respectively 95, 91, 87, 84, and 79 per cent, of copper. 
Those results explain the blot, which has long been known, 
that bronzo can bo forgod at a temperature just below redness, 
and that bronzes quonehod at or above that temperature booome 
malleable. The Chinese wore ovidontly well aware of this property 
of tho bronzos; for their gongs have the composition of these 
bronzos, and woro not cast, but hammered. 

Zenghelis has described an ancient bronze coining die found in 
Egypt in 1904. It dates from 480 222 n.o., and is the only 
genuino examplo of an antique bronze dio. An analysis of tho die 
showed 69-85 per cent, of copper, 22*51 per cent, of tin, and 7*6 
per cent, of oxygon. No impurities wore dotootod, and from the 
analysis and tho relative oxidation of the two metals Zenghelit 
ooncludos that tho original composition was as nearly as possible 
75 per cent, of copper and 25 per cent, of tin. 

The die has not boon examined miorosoopieully, but there is 
little doubt that tho alloy was quenched in order to enable it to 
stand tho shock of coining. 

The influence of annealing on bronze is of some interest and 
undor oertain circumstances of ctmsiderablc practical importance. 
If the alloys arc annealed at temperatures below 500* (that is to 
say, tho temperature at which the 8 constituent, or Cu 4 Sn, is 
thrown out of solution), the separation of the two constituents is 
rondored moro complete, and in consequence there is a slight 
decrease in tho tensilo strength. If, however, tho annealing takes 
place at tomporaturoH above !>00“, the copper absorbs or dissolves 
more of tho 8 constituent, and in the case of bronzes of the gun- 
metal type containing 10 per cent, of tin, the whole of tho 
8 constituent may bo dissolved, with the result that an alloy 
consisting of a single solid solution is obtained. Tho change is 
accompanied by a marked increase both in tensile strength and 
elongation. The maximum effect is obtained at 700*; beyond 
this there is evidence of incipient fusion, and the alloys develop 
interorystallin© weakness. 

The following tests given by Primrose were made on bars of 
Admiralty gun metal (88 copper, 10 tin, 2 zinc) oust in chills:— 
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at-o 


Where it ia desired to produce a homogeneous alloy possessing 
gi'eafc strength an<l ductility, annealing may las resorted to with 
advantage, hut it must ho remembered that a high tensile 
strength and elongation aro not always necessary or even (ha ir 
ablo. For example, a gnu metal intended to withstand hydraulic 
pressure would ho improved hy annealing, w In Tens one intended 
for a bearing or any other machine part subjected to friction 
would ho seriously injured hy thu name treatment. 

Modern bronze nearly alwayw contains huihII quant it u-m of lend, 
zinc, and iron, which arc often purposely added with the nhjeet 
of conferring Hpucial properties upon the bronze If, however, a 
comhination of st rength and elasticity is required, the alloy should 
he as froo ivh possible from these additions. 

Lead, except in very small quant ities, does not alloy with bronze, 
but HOparatos out in the form of minute globules an the metal 
cools. The bowl bronzes should not contain more than 0*15 jnir 
cent, of load j hut in oomch where an alloy of great strength is not 
necessary, a larger amount of lead is sometimes added, ns it enables 
the metal to he more candy turned or filed. For special purposes, 
howover, a much larger quantity of lend is added. The newt im 
portent of those are the bronzes used for hearings and for statuary. 

Zinc in small quantities ban a very heuetieial inlluenee when 
added to bronze. Being an candy oxidemhle metal it eomhinea 
with any oxygen wltieh may he present, eilher in (lie free state or 
in the form of dissolved oxides in the nmlt.m metal, with th« 
result that the metal itt iimro iluid “ rune thinner," n:< it m 
described, and given eastings free fnuii the den ,-i , Known im pm 
holes. A Blight excess of /-me will merely alley with thu bronze, 
without materially affect im* tls qu.dtty ; hut the axcctM of zinc 
should not exceed « jmr cent., otherwise- the colour of thu bruit/.c 
will be injured and thu alloy will be harder, hut weaker. 
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Iron alloys with bronze, making the resulting alloy lighter in 
colour and considerably harder. It increases the tenacity, and is 
useful where a very hard bronze is required. 

Bell-metal contains from 15 to 25 per cent, of tin and the 
remainder copper. Lead, zinc and other impurities should not he 
present in more than traces in the best metal. Large bells 
contain the largest amounts of tin, usually about 25 per cent., 
while small bells contain about 15 per cent. The tone of a bell 
can be modified to a certain extent by altering its composition, 
but the purity of tone is a matter which depends more upon the 
skill of the designer and the founder than upon the composition. 
In fact, the shape of a hell is of the utmost importance, and it is 
probable that few metals or alloys could not be used in the 
manufacture of bells, if they were of the proper shape. 

In this connection it is not without interest to recall the fact 
that as far hack as 1726 Lemery noticed that under certain 
conditions even lead becomes almost as sonorous us bell-metal, and 
Rdaumur, to whom Lemery communicated the fact, subsequently 
showed that it was necessary to cast the lead in the form of a 
segment of a sphere. The following table will give an idea of the 
very variable composition of the alloys used in the manufacture 
of bells:— 



Copper. 

Tin. 

Zino. 

Lead. 

Antimony. 

Large bells . 

76 

24 




House bells . 

78 

22 




Musical bells 

80 

20 




84 

16 

... 



Clock bells . 

75 

25 




Old bell at Rouen. 

71 

26 

i-8 

i’2 


Small bells . 

40 

60 




» »* • 


87'5 


... 

12 ; 5 


Bell-metal when slowly cooled is very hard and brittle. It 
consists largely of the compound Cu 4 Sn, and is therefore very 
susceptible to heat treatment. When chilled fxom a low red heat 
(ie. at a temperature above that at which Cu 4 Sn forms) it is more 
yellow in colour and malleable. 

As regards English hells the earliest existing example to which 
a date can be affixed is to he found in the village of Claughton, 
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near Lancaster. It m nli,*'Lily over 10 inches in height, R1 in 
diameter at tin* lip, and beam (ho da<e From t hi* titno 

bells with inscriptions and duter. are to be found, and the history 
of boll-founding in (bin country ontt be traced, The earliest 
instructions for bolt founding oee.ur in a 1 routine by Waller of 
Odyngton, a monk of Kvesiuun, in the time of Henry 111,, who 
describes the method of founding anil also the method of 
determining the relative bwom of the bells nece.-.uary to produce 
the required notes. 

Many of tho well known large bella have been rc.-ast. from older 
bells. Thus “(Jreut 1 hmslun " of Canterbury, weighing .*U tons, 
was reeast in 1761! from an old bell, originally the gift of Prior 
Molass in MHO. u Bell Harry *’was likowiw recast in 16H5 from 
an eld hell said to have been the gift, of Henry VI11. The famous 
“ Croat. Turn ” of < Ufnrd wart removed from Carney Abbey to 
Oxford at. the time of the dissolution of the monasteries, and baa 
panned through many vioiwdt tides. It was recast. m HI If, aeaitj in 
1654, and in l(ISO three unwuee.eHHfui attemptu to recast it. were 
made, tho mould burnt.mg m the third attempt.. The ur\t 
attempt was aucnwfut, and the bell tue again n-. a .t m 1741 

Of the more modern and largest bells may be mentioned 
“ Pot or ” of Ytrrk, oast by Charles and t Jeorge M ram at tho 
Whitechapel foundry in JH4f>. It weighs about I2| tons, it i 
7 ft. 4 in. in diameter, and oust jC 201)0. 

Thu original "Rig Ren H of Weatmiustfir wm oast by Mowrn 
Warner & Sou in IHbti, and weighed 14 turns, with a diameter of 
9 ft. It was found to 1*» orndknd, and wai meant by the Mown 
at Whiteelmpel with a slightly red need weight and a very much 
lighter olttpper 6 ewt., Iimtead of a ton, 

“Great Raul*' of »St RauRa Catlmdral warn oust at the I<ough 
borough foundry in IHHl. It weighs 16 tons 14 cwts. 75 llwt., and 
has a diameter of U4| umhes. 

Statuary Browse. The eseicntml features of a statuary bronxe 
are—-(I) that it shall Iws very tbiid and easily eaut ; (*J5) tlut it 
shall bo capable of being fimithmi and nenly tiled ; (B) that ita 
oolour shall he ax nearly that of guniuetal on ia consistent with 
those requirement*; ami (4) that under the intiuanoe of the 
atmosphere it shall aiemme u pitting oxidation tint or “patina,” 
m it is called. 
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The alloy which has been found to possess these properties 
most nearly lies midway between the bronzes and the brasses, and 
usually contains a considerable percentage of lead. The following 
table shows the percentage compositions of a number of celebrated 
statues:— 



Copper. 

Tin. 

Zinc. 

Lead. 

Iron. 

Nickel. 

Column Vendfime, Paris . 

89'20 

10-20 

0-50 

0*10 



Column of July, Paris 

91-40 

1-60 

5 60 

1-40 

... 

... 

Henry XV., Paris 

89'62 

5-70 

420 

0-48 


... 

Louis IV. equestrian statue, 

91-40 

1-70 

5-53 

1-37 

... 

... 

Paris, 1699 







The Shepherd, Potsdam Palace 

88-68 

9*20 

1-28 

0-77 


... 

Bacchus, Potsdam Palace . 

89-34 

7-50 | 

1-63 

1-21 

018 


Germanicus, Potsdam Palace, 

8978 

6-16 

2 35 

1-33 


0-2 7 

1820 







Mars and Venus, Munich, 1585 

9412 

4-77 

0*30 

0*67 

... 

0-48 

Bavaria, Munich 

91-55 

1-70 

5-50 

1*30 



Grosser Kurfiirst, Berlin, 1703 . 

89-09 

5-82 

1-64 

2-62 

018 


Frederick the Great, Berlin 
Melanchthon, Wittenberg 

88-30 

1-40 

9-50 

0-70 

... 


89-55 

2*99 

7-46 

... 




The addition of zinc renders the alloy more fluid, and greatly 
facilitates the operation of casting. Too much zinc, however, 
should be avoided, or the metal will have a brassy colour, and 
will not assume a pleasing “patina” on exposure to the atmos¬ 
phere. 

The presence of lead in statuary bronze is very important. In 
the first place, it appears to give a very fluid metal, but it also 
causes the bronze to acquire a beautiful brownish black patina, 
characteristic of many old bronzes on exposure to the atmosphere. 

Coinage Bronze.—A bronze which is to be used for coinage 
ho malleable and ductile, so that it will take the impression 
and as hard as possible, in order to withstand wear. 
France adopted an alloy of 95 per cent, of copper, 
tin, and 1 per cent, of zinc, and the same alloy was 
England in 1861. It is extremely durable, and is 
/ —^ployed by both countries at the present time. The 
that a large number of the coins struck in 1861 are still in 
circulation and the date and lettering perfectly legible, is sufficient 
evidence of the hardness and-durability of the alloy. 
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For medals where fine relief is required a somewhat softer 
alloy, containing less tin, is used. 

Speculum metal derives its name from the fact that it was the 
alloy employed for the manufacture of reflectors. Until com¬ 
paratively recently it was used for telescope and other optical 
reflectors, but these are now made of glass. Speculum metal 
contains 66*6 per cent, of copper and 33-4 per cent, of tin, and 
consists of the compound SnCu 4 . It is extremely hard, brittle, 
white, and takes a very fine polish. The composition of well- 
known telescope mirrors varies from 65 to 70 per cent, of copper, 
the famous Ross reflector containing 68*21 per cent., and the 
Birr Castle 70*3 per cent. 
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This discovery of 1 trass vossols and implomoutrt of vory early origin 
is proof Unit the alloys of ooppor ami zinc were known to the 
ancients; but there is no doubt that., ju«f ns in the case of Itron'/.e, 
the early brasses wore produced accidentally owing to the admix¬ 
ture of zinc ores with tins copper ores, hater on the addition 
of calamine to ooppor ores became the regular method of making 
brass, and was long practised without any knowledge of the part 
it played in producing the beautifully coloured metal. 

There is no doubt that the Homans were the first, makers of 
brass, and the intentional addition of y.ino appears to have begun 
in the time of Augustus (.’*() nut t.o hi a. n.), one of the earliest, 
examples being a coin of 20 n.o. which contains 17’2 per cent, of 
zinc. 

The following table gives the composition of several early brass 
coins:— 


, Hopper, 

Tin. 

Ziw, | head, 

iron, 

Augustus, 80 b.o. to 14 A.n. . . , 87*06 

0*72 

11 *80 ! trace 

0 48 

Tiberius, 41 to 54 A.u* * . . : 7*2*20 


27 70 i ... 

... 

Nero, 64 to 68 A.n. . . , 1 ?7*44 

n*:io 

21*60 Inn't* 

0-82 

Vespasian, 71 A.n.81 07 


lH'OH . 0*1*1 

0*12 

Trajan, 98 to 107 a.d. ... 77 69 

0 '.'19 

20*70 | ... 

0*27 

Sabina, wife of Hadrian, 100 to , 82*86 
187 A.n. 

0 48 

1(1 *81 trace 

0*88 
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Tho early history of brass in this eouut.ry can bo traced by 
means of t.ho ooeb'HinHt.ieal hrasseH or httfrnu existing in our 
churches, Lalt.en wan the ancient, name of the alloy (which is 
Hfcill retained in tin* l'Yrneh word /nitmi), nud until the middle of 
the sixteenth century it. wan nmuufarttired in h'lauderH and 
Cermany and imported into thin country, principally from 
Cologne, in the form of reetuiigubir pieces known aw Cullen 
platen. The alloy ronhimed enmudemhlo ipmnlitics of lead and 
tin, and it is probably tm that account. that the hruHsi-a have lanted 
ho well. 

Tho earlieHt- minting hra-w in that of Sir John 1 hiuhernonn at 
Stoke d'Aberiinu in Surrey, am 1 dated about lt’,77. The brnsw, 
7fi in. in length, in in the pavement uf the village church, and 
repiVHeidN Sir John hauheinutm m n emuplele unit. of chain 
mail. 

I'VoIti thin date onwards there e\e.t a complete HerieH of braHNCK 
which have proved of the gnute-.j historical value. Although 
there arc HO available analyse!, of the earliest memorial Iii'hhhoh, 
Hcveful of .slightly later date im\ e been uu.dyi-.ed and (lie entupnM 
tioilH of a few of t he .r are given ill the follow mg table: 





Tm. 

ZlIM*. 

f 

fr«m. 

Kligleilt iia iu.'i i d tu-e 

lift) 1 ruling 

rifl IH 

(rrtim 

rj-i? 

| 7H 

0 'OH 

. 

I gal . , j 

f.7 t H 

fits 

2410 



.. 

1 170 . ' 

1 

- rtrt-sl ! 

si.fi 

1 '«!H fa) 1 

u l a 


e 

tMti . | 

fif 00 ‘ 

St -on | 

21*1,0 

UMi 



In the middle of the saxfei-nth rent ury there iuu marked change 
in tin* tpmhly of the bra-ei, which ie<w b. can to lie manuf.ictnml 
in Kugland instead of being tmpxi t < 1 1. the pui'pohi'H of 

memorial tablet-, t he Kngludi brine* whs meant aide, and, according 
to Mr Marking it " vum t a a, or more probably rolled, in thin 
pl&toa which tune worn gn<*xomdy.“ 

With regard to the manufacture «f bmw in KnjgUwi, Hcdnes 
atate* that in LMIfi \hitu-u Kh/ntmth granted a patent to Win. 
Humfruy, n»Hay master of the Mint, arid Christopher Shuts, to 
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search and mine for calamine, and to have tho use of it for making 
all sorts of battery, wares, east works, and wire, of bitten. Similar 
privileges were granted to Cornelius Dovo/., Daniel l loughsottor, 
and Thomas Tlmrland, and in 15(58 tho company of tho mineral 
and battery works was incorporated. In 1584 a lease of works 
at Isleworth was granted to John Hrodo, and shortly afterwards 
several other mills were sot up. 

In 1700 the brass industry was firmly established in this 
country, and with tho success of the famous Choadlo works, which 
were established in 1730, tho industry soon grow to bo (mo of tho 
most flourishing. Owing to tho lino colour of 1.1m alloy and tho 
ease with which it lends itself to all kinds of mechanical treat¬ 
ment, it has become the most extensively tisod of the copper 
alloys. According to its composition, brass may bo obtained hard 
and strong or sulliciontly ductile to be drawn into wiro or 
hammered out into shoots whoso thickness is not moro than 
Tvhra ■ an 

The properties and constitution of the copper zinc alloys wore 
naturally studied by tho early workers, but it is unnecessary t,o 
consider their work in detail. Tho following table, drawn up by 
the Committee on Alloys appointed by tho United tttatos Hoard, 
contains in a condensed form tho results of investigations down to 
tho year 1881:— 



States Board (Report, voL ii. 1881). 
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Remarks. 

Specific gravity of 
ingot 8-753. 

French oreide. 

Very delicate 

castings. 

Ornaments of 
Hanover. 

French oreide. 

Specific gravity 
of powder 8-584. 

Paris jewellery. 

| Authority. 

Ml. 

Ri 

U.S.B. 

Bo. 

Ml. 

We. 

Ml. 

U.S.B. 

Ml. 

We. 

Bo. 

Bo. 

Bo. 

Ml. 

Ri. 

Bo. 

Conductivity for Elec- 1. «... .os . 

tricity. Silver=100. .g - • ' °. 

Conductivity for Heat. 
Silver=100. 


Order of Fusibility. 
(Mallet.) 

3 : : :3 :3 : 3 : : : 3 : : : 

Hardness. (Mallet, 
Cilvert, Johnson.) 


Order of Malleability. 
(Mallet.) 


Relative Ductility. 
(Thurston.) 

169-1 

•• 

250-1 

Order of Ductility. 
(Mallet.) 


Tenacity in lbs. 
per square inch. 

27,104 

25,760 

28,672 

29,568 

31,584 

Fracture. 

Coarsely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Finely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Fine 

fibrous 

Earthy. 

Colour. 

Red- 

yellow. 

Yellow- 

red. 

Red- 

yellow. 

Red- 

yellow. 

Yellow- 

red. 

Yellow- 

red. 

Red- 

yellow. 

Specific Gravity. 

I | | :§ :1 : § : : : g £ : | 

Composition 

by 

Analysis. 

1 

9-60 

9-42 

10-97 

10-06 

3 .. 

d I ■ ‘ 8 • • ■ • 8. §s 

Composition 
of Original 
Mixture. 

8 S 2 S S3 S S || 3 3 Is s 

3 « 00 00 tO IQ M <0 §? IQ n 03 

° | s § § S§ §SS S So §§ § S S3 12 

Atomic Formulas. 

^ ^ -'ll *1. • • • • t§ • 

5 1 8 -g • i • • 


J_) a a a as aa a s~ &a a 8 as" a 


•aj 


1 

1 
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Remarks. 

Suitableforforg- 

ing. 

Specitic gravity 
of powder 8 39. 

Good brass wire. 

Mosaic gold. 

Suitable for forg¬ 
ing. 

Suitable for forg¬ 
ing. 

Strong solder for 
brass. 

Bristol metal. 

Suitable for forg¬ 
ing. 

Muntz' metal. 

Ship's sheathing. 

Authority. 

Ml. 

Or. 

C. J. 
Bo. 

Ri. 

Bo. 

Bo. 

U.S.B. 

Bo. 

Bo. 

TJ.S.B. 

Bo. 

Bo. 

Bo. 

U.S.B. 

Bo. 

' Cr. 

Conductivity tor Elec¬ 
tricity. Silver =*100. 


Conductivity for Heat. 
8ilver=100. 

: :g : : : : : : : : : : : : : : : 

Order of Fusibility. 
(Mallet.) 


Hardness. (Mallet, 
Calvert, Johnson.) 

: 

Order of Malleability. 
(Mallet.) 


Relative Ductility. 
(Thurston.) 

: : : : : : : : 1 : : : 5 • : : 

Order of Ductility. 
(Mallet.) 

" :f» : : : : : : : : : : : : : •" :■ 

Tenacity in lbs. 
per square inch. 

§ : : : : : :8 : : « : : : § : : : 

Fracture. 

Finely 

crystalline. 

Earthy. 

Earthy. 

Earthy. 

„ 

Colour. 

Full 

yellow. 

Red- 

yellow. 

Red- 

yellow. 

Red- 

yellow. 

Specific Gravity. 

1 11 : ? : : : | : :: | : 

•1 s 

£*J 
i 4 

£ 

: : : : g : : S : : | : : : : : : 

i 

: : : : : : : : g : : : g : : : 

Composition 
of Original 
Mixture. 

N 

§ SS § »<- g » » £ 

<3 883 Z 33S Z g S £ S2 3 333 

O 

S SS $ « £ ooS 

§ ggig g S£!g i§ s S 3 gg g SSS 

Atomic Formula. 


No. 

67 

68 

69 

70 

71 

72 

73 

74 

76 

76 

77 

78 

79 

80 

81 

i 

84 • 



\ 






































170 


ALLOYS. 


Remarks. 

Very brittle. 

Very brittle. 

Very brittle. 

Brittle. 

Brittle. 

Very brittle. 
Protect iron 

trommti. 

Authority. 

U.S.B. 

Ml. 

M3. 

U.S.B. 

Ml. 

Ml. 

U.S.B. 

Ml. 

Ml. 

Bo. 

Conductivity for Elec¬ 
tricity. Silver=100. 


Conductivity for Heat. 
Silver=100. 


Order of Fusibility. 
(Mallet.) 

. uso 

Hardness. (Mallet, 
(Calvert, Jolmsou.) 

. oco :*-«:**: 

Order of Malleability. 
(Mallet.) 

= :S S : 3 8 : 

Relative Ductility. 
(Thurston.) 

? : : 1 : :l : : : 

Order of Ductility. 
(Mallet.) 

; oo :© © ; © © • 

Tenacity in lbs. 
per square inch. 

fe o” SS S3 S S ' 

Fracture. 

Vitreous 

conchoidal. 

Conchoidal. 

Vitreous 

conchoidal. 

Conchoidal. 

Vitreous. 

Conchoidal. 

Colour. 

Silver- 

white. 

Silver- 

grey. 

Ash-grey. 

grey. 

Silver- 

grey. 

Specific Gravity. 

© Sen 32 ©§ 8 § GO • • 

© t--0(5 00 © O M • 

Composition 

by 

Analysis. 

£ 

S . . §3 . .00 

S ' ‘ 8 ' 'g * ' ' 

3 

§3 . . S . .d . . . 

& ■ • S • ’8 ‘ * * 

Composition 
of Original 
Mixture. 

3 

iO St- So 08 © os t^eo c 

S gg tt t ss i 

<3 I 8 51 88 US 5 Is 1 

Atomic Formula. 

ss s s s s 

: 44 :4 4 : 4 4 : * 

33 8 8 8 3 d 

HO. 

110 

111 

112 

113 

114 

115 

116 

117 

118 
119 

ion 




















172 


ALLOYS. 


LIST OF AUTHORITIES REFERRED TO IN PRECEDING TABLE. 

Bo.—Bolley, Mssctis et R6chcreh.cs Chimigues, Baris, 1869. 

Or.—Oroookowit, Jirdmann'i i Journal, vol. xlv. 1848, pp. 87-98. 

0. J.—Calvert and Johnson, Phil. Miuj., vol. xviii. 1850, pp. 854-869 ; ibid., 
vol. xvii. 1869, pp. 114-121 ; ibul., vol. xvi. 1858, pp. 881- 888. 

Ma.—Matthiesson, Phil. Trans., I860, pp. 161-184 ; ibid., 1864, pp. 167- 
200 . 

Ml.—Mallet, Phil. Mag., vol. xxi. 1842, pp. 66 68. 

Ri,— Riche, Antutles do Chimie, vol. xxx. 1878, pp. 851 410. 

U.8.B.— Report of Committee on Metallic Alloys appointed by United States 
Board, Thurston’s investigations. 

We.—Woldouiann, Pogg. Annalen, vol. oviii. 1859, pp. 898-407. 

Prof. R. II. Thurston, who conducted tho investigations for 
the Unitod Status Board, makes tho following remarks on the 
preceding table:— 

“ Alloys having the name of Holley appended give compositions 
and commercial values, and mention valuable properties, such as 
are given in the column of remarks, but do not give results in 
figures as recorded by other authorities. The same properties 
and the same name are recorded by Holley for alloys of diHeront 
compositions, such as those which in tho oohunn of remarks are 
said to be suitable for forging. It might bo supposed that snob 
properties belonged to those mixtures, and not to others of similar 
composition. It seems probable, however, that when two alloys 
of different mixtures of copper and ssino are found to have the 
same strongth, colour, fracture and malleability, it will also be 
found that all alloys between these compositions will possess tho 
same proportions; and hence that, instead of the particular 
alloys mentioned only being suitable for forging, all tho alloys 
between the extreme compositions mentioned also possess that 
property. 

“In the figures given from Mallet under tho heads of ordor of 
duotility, order of malleability, hardness, and ordor of fusibility, 
the maximum of each of these properties is represented by 1. 

“ The figures given by Mallet for tenacity are confirmed by 
experiments of the author, with a few very marked exceptions. 
These exceptions are chiefly the figures for copper, for ssino, and 
for CuZn 3 (32*85 per cent, of copper, (17*15 per cent, of seine). 
The figures for CuZn s , as given by Mallet, can, in the opinion of 
the author, only be explained on the supposition that the alloy 






comm ALLOYS, BRASS. 


173 


tested was notCuZn a ,but another containing a percentage of copper, 
probably as high as 55. The liguro for the specific gravity (8*283) 
given by Mallet indicates this to bo the case, as also does the colour. 

“The figure for ductility would indicate oven a higher percent¬ 
age of copper. The name watchmaker’s brass in the column of 
remarks must be an error, as that, alloy is brittle, silver-whito 
and extremely weak. 

“Tine figure of Calvert and Johnson and Riche, as well as those 
of the author, give a more regular curve than can be constructed 
from tho figures of Mallet. 

“ The spooific gravities in Riche's experiments were obtained both 
from tho ingot and from powder. In some cases one, and in 
somo eases the other, gave highest results. In the table under 
the head of speoilic gravity Riche’s highest average figures are 
given, whether those are from the ingot or from tho fine powder 
as probably the most nearly correct. The figures by the other 
method, in each ease, are given in the eolumn of remarks. 

“ The figures of Riche and (kit vert. and Johnson are snareoly sufli 
oient in number to show definitely the law regarding specific gravity 
to composition, and the curves from their figures vary considerably. 

“Tho figures of the author being much more numerous than 
those of earlier experimenters, a much more regular curve is 
obtained, especially in that, jwtrt of the series which includes the 
yellow or useful metals. The irregularity in that part of the 
curve which includes the bluish grey metals is, no doubt, due to 
blowholes, as the spce.itie gravities were in all eases determined 
from pieces of considerable Him. If they were determined from 
powder, it is probable that a more regular set of observations 
could be obtained, ami that t hose would show a higher figure than 
7*143, obtained from east. vine. MatthieHseu's figure for pure vino 
(7*148) agrees very elonely with that, obtained by the author for 
the oast vine, whieh mu tamed about, 1 per rent, of lead. 

“Tho figures for hard main given by t ’id vert and JohiiKon were 
obtained by means of an indenting tool. The figures are on a 
scale in whieh the figure for east- iron is taken as 1000. The 
alloys opposite whieh tin* word "broke' appears were touch harder 
than oast iron ; and the indenting tool broke them, instead of 
making mi indentation. The figures of alloys containing 17*00, 
20*44, 25*02, and 33*04 per mu, of vino have nearly the same 
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figures for hardness, 
varying only from 
•127-08 to 472-92. This 
corresponds with what 
lms been stated in re¬ 
gard to the similarity 
in strength, colour, and 
other properties of alloys 
between thoHO composi¬ 
tions.” 

Since the publication 
of this table much 
has been added to our 
k n o w 1 o d g o of the 
brasses by the work of 
t '-harpy, Roberts Austen, 
Behrens, Lo (lhatolior, 
a,ml many others. The 
melting - points of the 
e.oppor zinc alloys have 
been determined by 
{•harpy and Uoborts- 
A listen, and their work 
ImH been continued and 
amplified more recently 
by Shepherd, Tafel, and 
t larpcnter and Kd wards, 
from whose results the 
adjoining diagram (tig. 
51) lias been drawn. 
This equilibrium dia¬ 
gram expresses all that 
is at present known of 
tin' constitution of the 
copper zinc alloys. For 
tho sake of comparison 
curves representing tho 
mechanical properties of 
the copper - zino alloys 
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arc plotted in fig. 55, 
which should "bo read ^ 
along with fig. 5-1. f | 

Mont writers have **• 
concluded that copper 
and zinc form a definite 
compound correspond 
ing to the formula 
OuZn 2 , and, possibly, 
other compouudH com 1 
spmidiug t.o (!uZn and 
OuZn, t . Shophord, on 
the other hand, argues 
that copper and zinc 
form nix solid solutions, 
hut do not form any 
definite (Him pound. This 
opinion is diHieulf (o 
reconcile with fin* very 
strong evidence which 
has been brought for 
ward in support of the 
view that a compound 
CuZriy exists. Briefly, 
the experimental evi 
donee in support of t he 
existence of a compound 
is hh follows:• (l) There 
is a rapid diminution 
in the strength of the 
alloys as the compost 
lion (SitZm, is reached. 

(2) The alteration in the 
electromotive force of 
the alloys, hh shown by 
liaurie in 1HH8, ami lut or ■*, j 
by HenmUkowit ho h, •* 1 
pomti to the existence p"* 
of a compound, (3) The ^ 





Fig, 55.—Mechanical of Copper-zinc Alloys. 
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eleotrioal resistance of the alloys shows a sudden variation at 
the same point, as also do the curves of temperature coefficient 
and thermo-oloctric power; and, finally (4), both Baker and 
Herschlcowitsoh have shown that the heat of formation of the 
alloys reaohes a maximum at the point corresponding to the 
composition OuZn 2 . This maximum amounts, in Balter’s experi¬ 
ments, to 52*6 calorics por gram of the alloy, and his results also 
show a seoond rise at a point corresponding to the formula OuZn. 

It is true that the microscopical examination of the alloys 
shows a continuous series of apparently solid solutions, but it 
must be remembered that Clharpy has shown that compounds and 
solid solutions may be mutually soluble in one another, and this 
would bo quite sufficient to aooount for any lack of discontinuity 
in the miorostruoturo of the series. 

A glanco at the freezing-point curve of the series will show that 
the constitution of the alloys rich in zinc is very complex, but 
these alloys are of little industrial importance, and tin 1 constitution 
of the alloys rich in copper that is to say, the hmssoH—is com¬ 
paratively simple. With a few exceptions the alloys of industrial 
value may bo said to lie within the limits of 55 and 70 per 
cent, of copper. The alloys containing more than 04 per cent, of 
co|(per consist of a single homogeneous solid solution, while those 
containing from 55 to 04 per cent, of copper are composed of 
two constituents, each of which is a solid solution. Photograph 
12 shows the appearance of a brass containing 70 por cent, of 
copper, and photograph 1.1 is a typical yellow brass or Muntz 
metal. The alloys with the simple structure can he rolled cold 
(although in practice they are more often rolled hot), while those 
containing two constituents arc rolled hot. Of course there is no 
sharply defined limit between the alloys which can he rolled hot 
and those capable of being rolled cold, hut they can ho classified 
in a general way according to their structure. 

The early or calamine method of making brass, which has 
been referred to, consisted in heating a mixture of zinc oxide, 
charcoal or coal dust, and granulated copper in crucibles. The 
zinc oxide was reduced by the charcoal and the liberated metal 
then alloyed with the copper, forming brass. This process has, 
however, long been abandoned in favour of » direct method, and 
k now only of historical interest. At the pl*»ent time brass is 
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made by the direct fusion of the metals, the copper being melted 
first under a layer of charcoal to prcvont oxidation and tho zinc 
added to tho molten metal at as low a temperaturo as possible. 
Tho alloy is then stirrod and, if nocossary, allowed to oool some¬ 
what before pouring. Tho molting is nearly always carried out 
in crucibles, usually of plumbago, heated in furnaces, which may 
bo either coke-, oil-, or gas-fired. Whore large ingots of yellow 
brass or Muntz metal are required, tho alloy is sometimes made 
in rovorboralory furnaces, capable of molting several tons of 
metal; but the loss of zinc in rovorboratory melting is very high, 
and tho method is not employed for high-grade brasses. 

Tho pouring or easting of tho melted alloy is a very important 
operation, as the quality of the brass depends largely on the 
temperaturo at which it is carried out. If the temperaturo is too 
high it will ho full of blowholes and will probably crack in rolling. 
Such defective metal is sometimes described as “spuey,” If, on 
the other hand, the metal is poured at. too low a tomporaturo it 
tends to solidify as it touches tho mould, with tlm result that 
there is imperfect cohesion of the metal, or, us the lneltor describes 
it, it is “spilly." This term is also applied to imperfect eastings 
due to the presence of ohare.ouf or dross. Tho moulds into which 
tho metal is poured are previously heated and the insides coated 
with oil or mixtures of charcoal and oil or resin and oil. 

Tho industrial brasses may be conveniently divided into three 
classes, viz. — 

1. Cast brass. 

2. Low brass for ln>l, rolling. 

3. High brass for cold rolling. 

Oast brans is very variable in composition; but, with the 
exception of a few alloys rieh in copper used in t be mauutHOturo 
of cheap jewellery, ote., the usual composition of east Imuw is in 
the neighbourhood of fit* per emit, of copper and .'M per cent, of 
zinc, which is known as Kuglish standard brass. It casts well, 
and is capable of being rolled and hammered and even drawn 
into wire. In most cases, however, east brass is not required to 
undergo much mechanical treatment, and it is consequently very 
impure, barge quantities of scrap are employed in its manu¬ 
facture, and it usually contains relatively large amounts of 
impurities, auoh a* tin, iron, and lead. These are of little oqiibo- 
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quence, and, in fact, if the motal is to ho maohinnd or filed the 
presence of load, as will be seen later, is a distinct advantage 
in facilitating these operations. Further, the presence of tin 
and lead together gives rise to very fluid alloys invaluable for 
fine castings, and having a colour Honuwvluit resembling bronze. 

Low brasses, suitable for hot rolling, contain from 55 to 
63 por cent, of eoppor. They are cast in largo ingots, which 
are reheated and passed through the breaking down rolls, 
followed by a gooond reheating before packing through the finishing 
rolls. Hot rolling is therefore rapidly carried out, and only 
requires a single reheating from beginning to end of the rolling. 

Tho commonest of the yellow brasses is that, known as Muni/, 
motal. In 1832 Uoorgo Frederick Muntz took out a patent 1 for 
the use of an alloy containing 60 per cent, of copper and 10 por 
emit, of zinc as a sheathing motal for ships, and 1m claimed that 
in those proportions, ‘‘whilst, the cop}ter was to a considerable ex¬ 
tent preserved, there was a HuOirieub oxidation to keep the bottom 
of a ship oloan.” In 1846 Muntz, took out another patent for a 
cheaper alloy containing 3| por cent, of load and 56 por cent, of 
ooppor, which was claimed to ho equally satisfactory for tho purpose. 
Although those alloys are no longer required for the particular 
purposo for which tho patents wore issued, tho alloy containing 
60 por eent. eoppor and 40 por emit, zinc is largely used for other 
purposes, and is still known umlor the name of Muntz motal. 

As already mentioned, Muntz metal contains two constituents 
—a soft constituent a and a harder constituent //. In tho 
oast state tho alloy possesses a coarse structure, tho two con 
stituonts separating in largo masses, hut tho effect of hot rolling 
is to retard tho growth of these masses with tho production of 
a stronger metal possessing a finer structure. If tho work 
takes place at temperatures below 600" tho alloy is no longer 
capable of any molecular re-arrangement, and tho only oilbot 
is to distort tho grains or crystals already formed. A temperature 
of 600“ 1 b therefore regarded by Ikmgough and Hudson as the 
limiting temperature dividing “hot” ami “cold 1 ’ work for this 
parbioular alloy. The elfoob of oold work is removed by annealing 
n/fc «W)ut 800“, or by prolonged annealing at. lower temperatures, 
ntz motal is hardened by quenching, and the explanation of 
1 Pat, No. 6826. 
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this in readily noon from its structure. VYifcU increasing fcompera- 
turo tho a constituent is dissolved by the harder ft constituent 
until, at 730 u , tho alloy containing GO per omit, of copper con¬ 
sists entirely of the ft constituent,. If, now, tho alloy is quenched 
from this temperature tho separation of tho a constituent is 
hindered, and the alloy will bo found to be strongor, but loss 
ductile than before. 

High brasses, suitable for (told rolling, usually contain 
more than GO per cent, of copper, and the best, class of Ih-uns 
for tubes and wire drawing contains 70 per cent, of noppor and 
30 per cent, of zinc. From the results of meehnnieal tests it will 
be soon tlud, this alloy possesses the maximum elongation of the 
series combined with a considerable degree of strength. 

Brass intended for rolling or drawing is cast in moulds of such 
shape that tint work required on the alloy shall bo reduced as far 
as possible. Km* plate or wire the moulds, which are made of 
iron, are from | to £ of an inch thick, 3A to 13 ins. wide, and IH 
t,o 38 ins. long. They are made in two pieces held together by 
tho simple device of a ring and wedge. For wire drawing the 
plates east in these moulds are rolled to a certain extent and then 
cut into st rips, which are rolled into rods and finally drawn into 
wire. In any ease, the mechanical treatment of brass in the cold 
must be interrupted by frequent annealing, or the results will bo 
disastrous. Moreover, after each annealing the brass has to bo 
cleaned in acid to remove the surface deposit of oxide. As an 
instance of this, Sir William Anderson states that in the pro¬ 
duction of a brass cartridge case, measuring 16 ins. in length and 
tapering from 7 ins. diametor at the breech end to 6A ins. at the 
muzzle end, made from a disc of brass 13Jj ins. in diameter by f ins. 
in thickness and weighing lbs., no less than eight annealings 
and cleanings in acid art' necessary during the stages of drawing. 
If an attempt is made to lessen the number of annealings the 
alloy in tlu s finished product is in a state of molecular strain, 
and the effort of the metal to return to its natural stale of 
equilibrium results, in the course of time, in the fracture of the 
metal. Instances of cartridge eases eracking in this manner 
while in tlm arsenal stores caused considerable trouble until 
the cause was discovered. This cracking, which may not take 
place until many months after the manufacture of the article, 
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is known as “soason” cracking, ami is very liable to occur in 
drawn tubes if the pinch has been too groat and the annealing 
insufficient. Tn an actual ease under observation a tube was 
noticed, throe mouths after tho date of manufacture, to bo 
slightly elliptical in section. After six months the oll'cct was ex¬ 
aggerated, and not until one year had elapsed did (he. tube actually 
oracle. Tho cracks always occur longitudinally, and the average 
time of appearance is from six to twelves months after manufacture. 
Season cranking is also liable to occur in spun brass. 

Tho annealing of brass is carried out in reverberatory furnaces, 
which may ho heated by solid or gaseous fuel ; but in cither case 
tho object aimed at in tho construction and working of the furnace 
is to maintain a reducing atmosphere so as to cause a minimum 
of oxidation, Thu temperature of annealing is of great import¬ 
ance, and much light has been thrown on the subject by the work 
of Ohavpy. Ho experimented on brasses of varying composition, 
which wore hammered and rolled until a maximum hardness 
was reached. Mechanical tests were made on those brasses in 
their hardened condition, and also after annealing at gradually 
increasing temperatures. The results show that up to a certain 
temperature annealing is without effect. A hove this temperature 
(which is not absolutely fixed, but depends on the amount of 
hardening tho alloy has undergone) the client of annealing in¬ 
creases with tho increase in temperature until a maximum is 
readied. Above this point there is a range of temperature at 
which tho properties of Hie brass remain unaltered, but beyond 
the upper limit of this range the alloy rapidly deteriorates and is 
said to bo burnt. Tho figures obtained from tho annealing of a 
brass containing 70 per cent, of copper and fit) per cent, of zinc 
may be taken as an example (see p. 181). 

It will bo seen that annealing below 280" has practically no 
effect. At 420*, however, there is a very marked softening of 
the alloy, and tho maximum effect of annealing is readied at (500*. 
According to Oharpy the alloy mode from pure copper and duo 
can be annealed at a temperature of 900* without being burnt, 
but tho same brass containing 0*15 per cent, of tin and 0*2 per 
cent, of lead is burnt at about 800". The mechanical properties 
of the series of alloys in a completely annealed condition con¬ 
taining from 0 to 50 per cent, of zinc have been determined, and 
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the results of the tensile tests and elongations are plotted in the 
ourvoB in fig. f)5. TohIh on tho oomproHsivo strongth of the alloys 
showed that this property varies inversely as the elongation, and 
the results of shock tests showed that, with alloys containing less 
than 43 per coat, of zinc tho fragility was negligible ; hat beyond 
this limit the alloys rapidly became brittle, and those containing 
more than ht) per cunt, of nine broke with the slightest shock. 
From those results (Jharpy concludes that as fur its the mechanical 
properties of the brasses are concerned tho alloys should not 
contain more than U> per cent, of due, and that no useful purpose 
is served by having loss than 30 per cent, of zinc. 
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The. iullutmee of prolonged annealing on brasses containing 
more than Of) per cent, of copper is of considerable interest. Tho 
structure of these alloys in the oast state consists of crystallites 
resembling those of bronze, but if the metal is annealed at about 
600" tho structure gradually changes, the crystallites disappearing 
and giving place to a well defined crystalline structure resembling 
that of a pure metal. With prolonged annealing these crystals 
increase in size ; and if a sample of commercial rolled brass, whose 
structure consists of small crystals, is annealed, the crystals will 
attain a considerable size ; hut in this ease the result of the 
mechanical treatment which the metal has undergone is made 
evident by tho appearance of “ twin ” crystals. The large crystals 
are composed of a homogeneous solid solution, and are themselves 
structureless. 
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Brass is capable of withstanding very drastic treatment, and 
in addition to rolling, drawing, stamping, and spinning, it is 
capablo of being extruded or forced through dies at tempera¬ 
tures somewhat below the melting-point of the alloy. Great 
advances have linen made within the last Tow years in the 
extrusion of brass, and complicated sections which it would lie 
impossible to roll are now regularly manufactured by this 
process. 

Up to the present we have regarded brass as a simple alloy of 
copper and zinc; but commercial brass invariably contains other 
metals, and, although they arc otdy present in small quantities, 
their presence has an important inlluence upon the quality of the 
brass. rt is therefore necessary to oonsidor them in somo 
detail, ftouto of these metals are added intentionally in order to 
confer certain properties upon the alloy, and others occur as 
impurities. Those added intentionally are lead, tin, and iron, 
while load, arsenic, antimony, and more rarely bismuth, are 
introduced unintentionally. 

Lead.—Brass is never entirely free from lead, as the zinc 
employed in its pruduotion invariably contains a small percentage 
of load. High grade brass, however, should never contain more 
than 0*10 per cent, of lead or its ductility will lie impaired. In 

the case of brasses which are to he turned or machined lead is 

added intentionally, and Uh* object of the addition is readily 
apparent when the structure of the brass is considered. Load 

does not alloy with brass, hut separates out in the form of 

globules and lilms between the crystals of the brass, a condition 
which necessarily weakens the metal, and is only permissible 
whore strength is of soeoiulary importance. The presence of 
2Jj or 3 per cent, of lead cannot bo detected in a polished surface 
without the aid of a microscope ; hut if the brass is broken the 
fracture is of a distinct grey colour, owing to the fact that the 
line of fracture passea through the lead, Now, it is well known 
that a pure brass is difficult to turn owing to the nature of the 
turnings, which are long and teimoiouH, and tend to obstruct the 
mechanism of automatic machines. A slow speed has to be 
employed, and frequently a burr is produced which h difficult to 
remove. Brass containing load, however, behaves very differently 
‘ncr to the fact that the lead ia in a free state, the alloy is Iobb 
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tenacious, and tho turnings break ofV through the lines of 
weakness cmiHod by tlia loud, so that chips arc produced instead 
of long spiral turnings. Moreover the lend appears to act as 
a lubricant, with tho result that a much higher speed can bo 
omployod, and a holier finish given to tho work. 

The beneficial oiled of lead in brasses intended for turning was 
known long before the nature of its iniluenee was understood. 
Percy states that it is usual to introduce a small quantity of 
load (about 2 por cent.) into brass in order that, tho oltips may 
leave the tool easily. Ho mentions that the lead should be 
igldod after tho crucible has boon withdrawn from tho lire; hut 
tho usual method is to add the. lead after the vsino, and while the 
crucible is still in tho lire, yet at as low a temperature sh possible.' 
In any case, the alloy is thoroughly stirred immediately before 
pouring. 

The alloy is rolled cold, on account of its liability to crack if 
rolled bob, and the amount of lead which can be. added, without 
seriously affecting it as regards its (capability of being rolled, is 
about 2 pur cent. The best alloy, and that which is most, 
commonly used, contains about BO per cent, of copper, 3H per cent, 
of suno, anil 2 per cent, of lead Three samples of hard drawn 
screw rods ([noted by Sperry gave the following mechanical tests 



L 
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m. 
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Tcirtih' lit length J>t'r nq. ill. 

ft t.f.OO Ilm. 

(52,400 Ilm. 

84,000 Ilm, 

KltillgiU (nil mi H Hill 

10 1KT (Wilt, 

lit per ctmL 

rd percent. 
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! !.H „ 
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Tin should not. be present, as it. imparts hardness and strength 
to the alley, prepertie i which are not aimed at in a brass intended 
for turning. 

Tin .-- 1 This metal is often added to brans, and tin*, alloy Is 
known as “ naval" brass, A small percentage of tin renders 
brass, and moro especially low brasses of the Muni/, metal type, 
less liable to corrosion by nest water when In con toot with gun- 
metal It is for this muon that brasses containing tin are 
employed in naval construction. .Naval bnu» contains approxi¬ 
mately (12 per cent, of copper, 37 per cent, of ssine, and l per cent. 
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of tin, while a softer alloy, suitable for tubes, etc., which has 
given good service, contains 78 por cent, of copper, 21 per cent, 
of zino, and 1 por cont. of tin. 

The addition of 1 per cont. of tin to brass gives an increase in 
the hardness of the alloy, but does not seriously affoct its 
meohanieal properties. beyond this limit, however, there is a 
rapid inorease in brittleness and hardness ; and with more than 
2 per cent, tho alloys lose their useful properties. 

Araenio and Antimony .—Commercial copper usually contains 
these motals as impimtios, Their prosonoo has an important in¬ 
fluence on tho quality of the brass produced. Antimony appears 
to be more injurious than arsenic, and, oven in small quantities, 
is capable of rendering brass unfit for rolling on account of 
cracking. 

Sperry found that as little as 0'02 per cent, of antimony in an 
alloy of 60 por cont. copper and -ft) por cent. '/Inc gave rise to 
incipient oraoka during tho necessary annealing and rolling. 

Bismuth also occurs, though more rarely, in some qualities of 
commercial oopper, and hence finds its way into brass. Its effect 
is very similar to that of antimony, but, according to Sperry, it 
is less injurious. For example, he found that brass composed of 
GO por cont. copper and 40 per cent, zino containing 0*02 per 
cent, of bismuth rolled almost as well as pure brass and was free 
from oraoks. Sperry, therefore, gives this figure ns tho dividing 
line between good and bad brasses of this composition \ but he 
states that high brasses intended for cold rolling should not con¬ 
tain more than 0*01 por cent, of bismuth. 

It is not difficult to understand the nature of the behaviour of 
these impurities. Neither antimony nor bismuth is appreciably 
soluble in copper or in copper-zinc alloys. The result is that when 
the brass cools down and solidifies, tho antimony and bismuth 
(either in the free state or containing small quantities of copper), 
having much lower melting-points than the brass, remain liquid, 
and finally solidify between the crystals of tho brass. Conse¬ 
quently, each grain or crystal of tho brass is separated from its 
neighbour by a thin, brittle film, and when the brass is rolled these 
separating layers are incapable of withstanding tho strain, and the 
alloy oraoks. Arsenic, on tho other hand, is distinctly soluble in 
oopper, and is thoroforo loss harmful, in fact, it has a hardening 
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effect upon tho copper, and it« presence in sometimes actually 
benolioial, provided tho limit of Holubility ia not exceeded. As a 
rule 0’f> pci* cent, in coiiKidero<l tho maximum. 

Iron lias boon added to brans from early times, lmt it is probable 
that its presence in old brasses was accidental. At tho present 
time, howovor, iron is deliberately added to brass in ordor to 
.produce a stronger and harder alloy than ordinary brass. Ati 
alloy containing obme on 3 per cent, of iron was suggested by 
Koir in 1779, and later the alloys known as Hierro metal ami 
Aich’B medial 1 were introduced. 

Storm metal contains (U) per cent, of copper, 3H per emit, of 
zinc, and 1‘5 to 2 per omit, of iron, and Aielj’s medal is practically 
tho same, although various aualyaes show that the percentage of 
iron varies within wide limits. 

One of the few reliable tests of these alloys is given by Baron 
Ronthorn, who bested a sample of storm metal emitimung fifeU-1 
per eonb. of cojiper, 42did per cent. of zinc, 0-S3 per emit., of tin, 
and 1*77 per cent, of iron, with the following results: — 


Condition. 

Tt'inu-ity in Urn. jmr wj. in. 

Caul .... 

(id,480 

Forged 

78,100 

Cold drawn. 

85,120 


The very variable percentages of iron found in these alloys wan 
probably duo to the imperfect methods of manufacture, the iron 
being added in tho form of a ooppor-iron alloy which was in all 
probability not properly alloyed. In 18H3, however, Alexander 
Dick took out a patent s for the miumfaeture of iron brass which 
he called Delta metftl, and since th.it time these alloys have been 
largely used. 

The essential features of Lick's patent, were - 

(1) The introduction of tho iron in tho form of an alloy of Iron 
and zinc, which could be obtained of reliable composition; and 
(2) tho addition of a small percentage of phosphorus, which has 
the effect of preventing oxidation. 

In addition to iron and phosphorus, however, commercial Delta 
1 Patented 1880, No. 278. * No, 2484. 
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metals frequently contain manganese, aluminium, tin, and some' 
timos loud, which accounts for the dill'erent, compositions as shown 
by various published analyses of these alloys. 

Tho average composition is appruximal ely copper 55 per cent., 
zinc 42 per cent., with 1 to 2 [tor cent, of iron and small quuutitios 
of manganese, aluminium, etc. 

Delta metal is stronger, harder, and tougher than brass. It is 
easily cast, and is capable of being rolled hot and drawn cold. In 
addition, it has a much greater power of resisting eorrosiou than 
ordinary brass, which enables it to he used for many purposes 
whore brass is inadmissible. 

Tho table on p. 141) gives some results of tests made at Lloyd’s 
on samples of Delta metal. 

Dolta metal was employed for tho manufaoturo of tho worm 
wheels in the first locomotives used on tho I'ilatus mountain 
railway and gave very satisfactory results, as reported in tho 
SchweizenseJm GewnrlxMxlt of HIh dune 1 HMD. The eastings, 
whioh wore tested by 1'rof. Totmayer, showed a tensile strength 
of 21ijj to 23jjf tons per sq. in., with au elongation of 20 to 40 per 
eont. on a length of 7 1 ins. 

An iron brass under the name of Durana metal is manufactured 
in Germany. It appears to closely resemble I )ol(u mot.al in its 
properties, and is made in several qualities. Tests on a number 
of samples of this alloy gave results varying between 22 and 42 
tons per sq. in. ultimate stress and 7J to 28 tons elastic limit, 
with elongations of 50 and -1^ per cent, respectively on a length 
o! four inches. 

Tho constitution of the iron brasses has not boon KUlheiently 
investigated, hut when present in small amounts t he iron outers 
into tho alloy in tho form of a solid solution and does net form 
definite chemical compounds. Wlum more than about 2 pur omit, 
of iron is present a compound of iron and zino is formed. 

The majority of the commercial brasses are considerably com¬ 
plicated owing to the presence of manganese and aluminium in 
addition to the iron, and there is an increasing tendency at the 
present time to use brasses of a complex nature in preference to 
thoso containing, in addition to tho oopper and zinc, a single 
metal such as iron, manganese, or aluminium. 


[Tadlis. 
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CHAPTER IX. 


COPPER ALLOYS. SPECIAL BRONZES AND BRASSES. 

Phosphor-bronze. 

Tub addition of phosphorus to bronze has usually been attributed 
to Dr Kiinzel of Dresden, but it appears that I>e Kuolz and Do 
Fontenay had carried out experiments on the introduction of 
phosphorus into bronze as early as 1853. 

Phosphorus unites both with copper and tin, forming the alloys 
known as phosphor-copper and phosphor-tin (see Chap. X.), which 
are used as the means of introducing the phosphorus into bronze. 

The action of phosphorus on copper or bronze is a double one. 
In the first place, as is well known, phosphorus has a powerful 
affinity for oxygen, and when it is added in the form of phosphor- 
copper or phosphor-tin to the molten metal, its first aotion is to 
reduoe any oxides which may be present. The oxide of phosphorus 
thus formed has an aoid character and oombincs with a further 
quantity of metallic oxides forming phosphates, which pass into 
the slag. 

The bronze, which is now free from the dissolved oxides which 
cause so much trouble, is more fluid, gives castings free from 
pinholes, and is superior in every way to ordinary bronze. 

If the quantity of phosphorus has been accurately judged, 
none of it will pass into the bronze ; and this accounts for the 
fact that many excellent bronzes sold as phosphor-bronzes have 
failed to show the presence of phosphorus when submitted to 
chemioal analysis. Their superiority over bronzes produoed 
without the addition of phosphorus is entirely due to the removal 
of dissolved oxides. 
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Tho valtio of phosphorus as a dooxidisor is now fully appreciated, 
with tho result that its importance as a constituent of bronze has 
boon considerably underrated and misunderstood, lb has frequently 
boon stated that the only use of phosphorus is as a dooxidisor, 
and that when the quantity present is in excess of that necessary 
to dostroy tho oxides in tho alloy tho bronze is inferior in quality. 
This statement requires considerable modification, as in many 
cases an excess of phosphorus is purposely added, and is found 
to confer valuable properties upon the alloy. Tim mistake, 
however, has probably arisen from the feet that the bronzes 
containing phosphorus have very dillcront properties to those of 
ordinary bronze, and are very frequently not adapted to the same 
purposes. 

The term phosphor-bronze iN applied to many alloys, and to 
avoid confusion these may bo grouped into three classes : ■ 

1, Bronzes of ordinary composition, in which phosphorus has 
been employed solely as a deoxidiscr, not more than a trace being 
present in tho bronze. 

2, Bronzes containing less than 9 per cent, of tin and only 
traces of phorphorus. Those are frequently put on the market 
as “ Boiled or Malleable Phosphor Bronze.’' 

3, Bronzes containing more than 9 per cent, of tin and an 
excess of phosphorus (usually from (P2 to 2 0 pur emit.), and sold 
oh “Oast Phosphor-Bronze.” Among this group may bo placed 
the bronzes containing phosphorus and lead used as hearing 
metals. 

Tho bronzes in OIuhb 1 call for no special remark, as they are 
merely ordinary bronzes free from oxides. Those of Class 2 can 
bo employed for all purposes for which copper and soft bronzes 
are used, such as boiler tubes, condenser tubes, pump rods, piston 
rods, boiler stays, firebox stays, holts, nuts, etc. When oold 
rolled these bronzes show a breaking strain as high as 30 tons 
per sq. in. or even more, with an elastic limit of about 20 tons 
per sq. in. j while the same bronzes, after annealing, give a 
breaking strain of 20 tons per sq. in. and an elastic limit of 
about 7 tons per sq, in. 

Boiled phosphor bronze is also used for making boiling vats, 
tanks, stills, and parts of machinery working in liquids, on 
account of its superior resistance to corrosion. 
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At first night it appears strange that those bronzes should rosint 
corrosion hotter than ordinary bronzes, considering that, they are of 
exactly the same composition ; hut the resistance to corrosion is due 
to the absence of oxide in the metal; for it must bo romotnbored 
that such impurities have a very decided influence on the rate 
of corrosion. This subject will bo considered at greater length 
in another chapter. 

Rolled phosphor-bronze dees not sufl’er any serious loss of 
strength at temperatures up to 8<)(l" (1., and it is frequently 
recommended for lirnhox plates and stays. 

The following table gives some results of tests made upon two 
well known brands of rolled phosphor bronze :— 


Sample. 

(Itiinliliiin. 

resulting Hi tens. 
Tumi per sq. in. 

Klnnfin Limit. 
T.m» por sq. in, 

Khmgution 
por coat, 
un 2 ins. 

1 

Uiifuuiottlt'd sheet; 

2 H*a 

2ft *0 

1H-5 

2 

>> M 

an-a 

a i -ft 

17*o 

a 

1> It 

8I-P 

81*7 

17 5 

4 

Annealed slant, 

•jo*a 

7*8 

67 *0 

ft 

Sheathing plain 

;url 


1H*7 

(1 

lit ill, 

2 s‘H 

27*5 

2*i-8 

7 

Loro, litnliux pinto 

20 0 


04*08 


annealed 





Samples l to -I are by the Phosphor Bronze Company, and 
samples f> to 7 are “ Melloid,'’ by Bull’s Metal and Melloid 
Company. 

Muc.h depends, of course, on the extent of the rolling; but by 
way of comparison it may ho taken that the breaking stress of 
copper varies from Id ions per sq. in, in the annealed condition 
to about, 1H tons per sq. in, when rolled. 

'Ah regards the tensile strength of rolled phosphor bronze at 
elevated temperatures, experiments carried nut on a “ Melloid ” 
belt shewed that the breaking stress fell from tiH*,S:‘ tons per sq, 
in. at the normal temperature t,o 2hT> 1 tons per sq. in. at 3If)". 
On an annealed holt of the same material the breaking stress fell 
from 19*22 tons per sq. in. at the normal temperature to 18*80 
tens per sq. in. at, 2M B ; while a similar bar of copper, tested 
under the same conditions, fell from 18*84 to 10*35 tons per sq. in. 

From what has been said of the constitution of the copper-tin 
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alloys it will be noon that the rolled phosphor-bronzes which have 
been placed in Glass 2 are solid solutions, and exhibit a simple 
crystalline structure under tho microscope. 

The phosphor-bronzes of Glass 3 diilbr considerably from 
thoao of Glass 2 and also from those of Glass l. Their con¬ 
stitution is somewhat complex, but of considerable interest. 
M. (Juillomin pointed out in a communication to tho Commission 
dos MtVthodos d’Essai in 1894 that under the mioroscopo phosphor- 
bronzes exhibit a structure resembling a fern leaf or fir branch, 
.and that this structure is not easily confounded with an ordinary 
bronze. It is doubtful, however, whether this can bo regarded as 
tho invariable structure of phosphor-bronzes, as sometimes tho 
structure of ordinary bronze resembles it very closely, (bullet 
states that the phosphorus appears to enter into tho a solution 
(t.s. tho solution of tin in copper containing less than 9 per cent, 
of tin). If tho alloys are examined under a high magnification it 
will be seen that this is not the case, but. the reason of tho 
mistake will also bo apparent, It has already been shown that 
in bronzes containing more than 9 per cent, of tin a constituent 
8 (SnOu 4 ) separates out on cooling, and that this eonstitutont is or 
a pale bluish-white colour. Now, if an access of phosphorus is 
present in such an alloy it separates out on cooling in the form of 
phosphide of copper, which has very nearly the same colour as tho 
SnOu 4 constituent, hut slightly darker in shade. Moreover, these 
constituents occur side by side (in faot, they form a outootoid); 
and unless seen uudor a high magnification they appear as ono 
constituent. On account of the similarity in colour it Is extremely 
difficult to obtain a photograph, but by using a suitable screen it 
is possible. Photographs 14 and 15 show the fern-like structure 
referred to by (Juillomin, and photograph 16 shows the combina¬ 
tion. of SnCu 4 and phosphide existing partly as outootoid. This 
triple outootoid of the series contains 81*0 per cent, copper, 14*2 
per cent, tin, and 4*8 per cent, phosphorus, with a melting- 
point of 620*. The outectoid of the two compounds is shown in 
photograph 18. 

By means of heat tinting, the diflerent oonsbit uonts can he readily 
distinguished; tho phosphide colouring a beautiful blue, while the 
' 1 nOu 4 is coloured yellow (photograph 17, and frontispiece). 

’ T " nreseuce of free phosphide of copper in these bronzes 
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accounts for thoir properties, differing as they do from ordinary 
bronze, and is suflioiont to explain their great value for certain 
purposes. If, for example, a phosphor-bronze is subjooted to 
friction, it is obvious that the softer part of the alloy will be worn 
down, leaving the hard phosphide in rolief. The alloy thus 
consists of intonsoly hard particles imbedded in a softer matrix, 
so that not only is the wearitfg surface largely decreased and the 
friction consequently reduced, but the rate of woar is practically 
the rate of wear of the hard body, phosphide of copper. Phosphor- 
bronze is therefore peculiarly adapted for the manufacture of 
the wearing parts of machinery, such as bearings and bushes, 
worms and worm wheels, slide faces, piston rings, etc., and has 
a muoh longer life than ordinary bronzo. Moreover, as the hard 
particles of phosphide are sot in a matrix or cement of a compara¬ 
tively plastic material, the alloys are not as brittle as might bo 
expected, but are capable of withstanding considerable shocks, 
and will sulfur distortion without breaking. 

The main feature, then, of phosphor bronze is its remarkable 
hardness and resistance to wear; and it. would appear that for 
parts of machinery subject to wear there is no alloy to surpass it. 
Thu olleot of the addition of phosphorus to the copper-tin alloys 
is worthy of a little attention. (bullet has made a number of 
tests on bronzes, the results of which are embodied in the 
following table: 


Ooppor. 

Tin. 

dim. 

I’lini.phl.niK 

Tioixili' Btrcngtli. 
T<mtt per »(j. in, 

K] antic Limit. 
Tour per 

Rq. in. 

KIongal.ii.» 
per cent, 
on l iiih, 

tie IIS 

11 -lift 

0 

t.Vll 

r.*u 

u:s 

turn. 

h *ni> 

Tom*.' 

1.1*8 

7*~ 

Hit 

811*18 

11-tie 

tl'47 

1".'0 

Ml 

a 

811*07 

i»*7h 

i oil 

11*11 

t it 

4 

HH'Ha 

S' 18 

0 u*.: 

11 *0 

t! *f. 

;*, *fi 

88'Sl) 

9*:i2 

117 


ft *6 


« --- 







Prom these results it appears that the addition of phosphorus 
lowers the breaking stress (after a first, increase due to the 
elimination of oxides) and also the elastic limit and the elongation. 
After an addition of 0*47 iter cent., however, the decrease is more 

13 
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gradual. It must bo noted that the alloys tasted by (Juillot contain 
very appreciable quantities of zinc, a metal which should not ho 
present in the best phosphor-bronze. 

Phosphor-bronzes containing lead are used for hearings. They 
will be considered in the chapter dealing with antifriction metals ; 
and it is only nooossary to say hero that the lead does not alley 
with the bronze, but separates in the form of minute globules 
throughout the metal; while the phosphide of copper separates 
exactly as in the other bronzes. Hence a surface of the alloy 
contains a number of hard particles (phosphide) and also a 
number of soft particles (load), thus fulfilling, as will bo soon 
later, the necessary conditions of a good bearing metal. 

Tho phosphor-bronzes most commonly employed contain (l) 
8 to 10 per cent, of tin and Of) to 0*7 per cent, of phosphorus; 

(2) 10 to 12 per cent, of tin and 0*7 to 1 per cent, of phosphorus; 

(3) 10 to 12 per cent, of tin and 1 to 1‘b per cent, of phosphorus, 

The first of these is suitable) For valves, pinions, pumps, pro¬ 
pellers, steam and boiler fittings, etc. It is harder and wears 
better than gun-motal. The second alloy is considerably harder 
than the first, and is suitable for wormH and worm wheels, valves, 
pumps, cylinders, motor gearing, etc. Tho third is an excep¬ 
tionally hard alloy without being brittle, and is capable of with¬ 
standing the hardest woar. It is suitable for worms and worm 
gearing, slido valves, hearings, and all oases in which t he woar is 
exoessivo. Per eastings the Admiralty specify an alloy containing 
ooppor 90*0, tin 9*7, and phosphorus 0*3 per cent. This is 
required to givo an ultimate tensile strengt h of 17 Inns per stp 
in., with an elongation of 15 per cent, on (i ins., and to with 
stand bonding ovor a 2-in. bar until the two sides am pm'sllel 
without any sign of cracking. 

The following table, giving the results of a largo number of 
meohanioal tests on commercial phoaphor bronzes tognf her with 
their ohemioal composition, is due to Mr Arnold Philip, the 
Admiralty ohemist. It represents the most complete series of 
tests yet published, and as it contains a very large amount of 
useful information in a small space it is reproduced horn in full. 


[Taiu.h. 



Results of Mechanical and Chemical Tests of Phosphor-Bronze. 











Results op Mechanical and Chemical Tests op Phosphor-Bronze— continued . 
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Remark 
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Zinc. 
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1-84 
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0-58 
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0-7 
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Copper. 

OT S S 

88*2 

88-7 

88-9 

88-8 

88-8 

88-9 

88-9 

88*8 

88-9 

88-5 

88-2 

88- 4 
88*3 
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o 

Sheaves 

Block 

Casting 
Worm v 
Casting 
Worm w 

Casting 
Capstan 
Bearing 
Winch c 
Bush . 
Sheaves 

Casting 
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Worm w 


18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 
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33 
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Remarks. 

Phosphorus too low. 

The mechanical teste were 
made in duplicate. 

The mechanical teste were 
made in duplicate. 

Results of 
Bending 
Tests. 

Very satis¬ 
factory 

Bar broke 
at 90° 

Satisfactory 

Satisfactory 

Satisfactory 

Percentage 
Elongation on 

6 ins. 

a ^ 

O m .05 CO. 

: : = : : : 1 : : : : : 

Percentage 
Elongation on 

2 ins 

. in® ohJ! oo O us . 

: W® c- • whono 

cqiM in c-i ^ com (MCNCNSSeo 

Ultimate Tensile 
Strength in tons 
per sq. in. 

rt 00tJ( lotous 00e00i<X3O00>p®P ; ie0ip^H 
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Results of Chemical Analysis. 

Totals. 

99*58 

99-86 

99-60 

100T6 

100-34 

100-03 
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99-95 

100-08 

100-02 

100-15 

99-53 
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99 -S2 
99-81 
99-66 
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phorus. 
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Lead. 
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Copper. 
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Character of 
Sample. 

Worm wheel rim . 

Stuffing box . 
Sheaves 

Gear wheel . 
Casting 

Sheaves 

Bearing 

Sheaves 

Bush . 

No. 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 
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Most of those alloys may bo described as (rue phosphor-bronzes• 
but thero are many others that contain, at tho most, tracoB of 
phosphorus, and it is probable that at the present time very 
little bronze of any description is made, without tho addition of 
a small quantity of phosphorus as a dcoxidiscr. 

Manganese bronze. 

As in the. case of phosphor bronze, tho term “ manganese -bronze” 
is applied to alloys of very variable composition. It. may bo 
stated at the outset, however, that, in Mu' great majority of eases 
tho expression is somewhat misleading, us the alloys difler very 
slightly in composition from the ordinary brasses. It is only in 
rare cases that a copper tin alloy containing manganese is met 
with. These usually contain from 1 to h per emit, of manganese, 
which is often accompanied by 4 or b per real, of zinc, and some 
load, (luillot cites two eases of alloys employed for hydraulic 
machinery at high pressures having tlm following eomposithm: ■ 
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CompoHttion. 
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Hfit'jiglli. 
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0 
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28 
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20 
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From those results it would appear that the first effect of manganese 
(probably duo to its influence as a deoxidiser, much in the same way 
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mb phosphorus) is to give a higher breaking stress and elongation. 
When present to the oxtont of more than truces, however, the alloy 
rapidly becomes brittle, unless zinc in proHont at tho sumo time. 

Tho addition of manganese to e.opper alloys waH attempted by 
Stirling, Purlins, and others; but their oH'orts mot with little 
HueecBS until, in 187(5, Parsons wan granted a patent (No. 842) 
for tilts addition of manganese in the form of forro-mungaueso to 
eoppor-tin or eopperzino alloys. These alloys were Htrongor than 
Himple bronzes or brasses, but dillioultieH were experienced in 
obtaining Mound eastings. TliOHts wens overeouui by the addition 
of aluminium, and a, Hceoud patent. was granted in 1888 (No. 

1 1512) to tsover thin improvement. It watt then found that tins 
addition of these metals to brass gave results so much superior 
to those with bronze that the copper tin alloys worn practically 
abandoned. Tho name, however, was never dropped, and, as 
already mentioned, the alloys to this day arts invariably described 
as manganese bronzes. Many of the best modem manganese 
bronzes diller but lit,lies from Parsons early bronzes, as will be 
Hoon*frnm the following analyses of two samples, one made in 
18SKI and tho other in IS)hi: - 



I’arnoiiM Hrmm«. 
mtrs. 

Modern Hrotixo. 

1018. 

(t.jipr .... 

CG *48 

54*04 

Tin .... 

l ‘16 

1*80 
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1 "2U 
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Q‘2() 

0*85 


0T1 

0'47 

JSiiir .... 

1 

40*84 

41*66 


Putting aside the cupper tin alloys containing manganese, the 
alloys Hold commercially as muugumwo bronzes may be divided 
into two (dasses: 

1. Alloys of copper and manganese containing abmit, 4 to (i 
per cent, of manganese. 

2. Alloys of copper and zinc to which form manganese or euprn- 
mnnganoBO containing iron has been added. Those alloys) fre¬ 
quently contain aluminium and sometimes tin, bub the principal 
constituents are copper and zinc. 

The alloys belonging to the first class* have a somewhat limited 
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application, their principal feature being their strength at high 
temperatures. For thin reason they have been very largely 
adopted, more especially on the (loutiuont, for lirobox .stays. 

The addition of manganese to copper does not materially harden 
the copper, but. raises the tensile strength. The. following 
figures are the results obtained by (luillut for small additions of 
manganeso 


Ou. 

Mn. 

Ti'cmlc Hlrength. 
Tena per tup in. 

Elastic Limit. 
Tens per sup in. 

l i 'lmigiit.imi por 
emit. ou 4 inn. 

!)(! !>f> 

| 

14 -0 

0-3 

4fi 

Hf.MC 

4 MO 

l.vu 

7*8 

41i 

D3SIS 

tig.O 

U 4 

8'4 

tUITt 


The complete series of enppor manganese alloys bus not re¬ 
ceived much attention, but the alloys used commercially are 
solid solutions of mangane.se in copper. 1'hotograph 20 shows 
a section of a lirohox stay containing 00 per emit, of copper and 
4 per cent, of manganese. With less than 0 per cent, of man¬ 
ganese the alloys can bo rolled or drawn. 

The use of these alloys for firebox stays will be considered 
in the chapter dealing with the behaviour of alloys at high 
temperatures. 

The alloys of the second class are those most commonly 
mot with under the name of manganese-bronzes, although they 
would ho more accurately described as manganese brasses. From 
a theoretical point, of view they have been little studied, hut it 
is evident from the number of constituents present that their 
constitution must he of a complex character. Many manganese- 
bronzes contain only traces of manganese, and Home fail to show 
even traces on analysis. In these the manganese has probably 
served its purpose purely tin a deuddiser, lmt it has left behind it 
the iron with which it was associated, and the inlluenc.e of this 
metal must bo considered, as it occurs in by no means inappre¬ 
ciable quantities in nearly all these alloys. Thu addition of 
'•"•'tnmeso alone (that is to say, without the HimnltanomiH addition 
M> a copper-zinc alloys has the otlbob of increasing the 
th and the clastic limit with a doorcase in the 
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olongation. T,ho alloys also become harder and moro brilllo. 
Ah regard h their tioimhihim manganese enters into Kolution, 
with the result that the microHlrueluro in the same as that of 
tho copper /,ina alleys. This probably accounts for tho statement 
mado by (bullet that tiio micrnstrueluro of manganese brasses 
is tho aaiuo an that of copper zinc alloyn; but tins commercial 
varioth'N of tlusNo alloys invariably contain iron, usually in vory 
much larger quantities (ban tin- manganese, and thoir structure 
in very (lillbrent from that of the ordinary brasses. Photographs 
21 and 22 allow tho Htrunturo of a forced manganese bronze con 
tabling 58 di por cent. copper, 38-4 per rent. V.iuo, 1 ■(! per cant, iron, 
and 0’02 por cent.. manganese. Manganese bronzes containing 
upwards of (>() pur cunt, of copper are nuitahlu for forging and 
rolling, vvhilo those containing Icnh than (50 por coat, of copper 
arc iiHod for oaslingH ; and both of tlu-Ho varioticH arc made in 
varioiiH qualities according to the purposes for which t.lmy arc 
required. Manganese bronzes suitable for forging or rolling, 
such aa those nmnufaof umd by tlie MauganoNe Bronze and 
UraHH Company, have an ultimate Nt-n-ngth ranging from 27 tons 
in tho mild quality to 3H tons in tho high quality, tho ohiNtic 
limit ranging from 10 to 20 tons, and tho elongation from 20 to 
•10 por cent. If tho mntai i« cold rolled tins ultimato strength 
can ho obtained hh high an 40 to fit) toon por sq, in. 

Bronzes of this doHcription aru used for studs, bolls and nuta, 
pump-rods, pins, keys, etc., and, in fact, for practically all 
purpOHOM for which yellow brass or Muntz motal arc used. It 
can also bo drawn into tubes which can bo eaijtty bent, cither 
hot or cold, and are much stronger than brows dr copper tubes. 
On thin account, together with its freedom from corrosion, it Is 
hugely tiHnd for hyilmnlic lubes under heavy pronHuro. 

In tho form of platen and sheets it. is of value in oaaoa whore 
a metal is required to withstand corrosion, such m strainer plates, 
sheathing for yachts, pump valves, etc.. 

Oast manganese-bronze, like the rolled variety, is made in 
different qualities according to requirements, and has an ultimate 
tensile strength of from 32 to 38 tons per aq. ia., with an 
clastic, limit varying from about 16 to 19 tons per eq. in., 
and an elongation of about IB to 30 por oont. on 2 ins. 

Ft is exceedingly tough, and ia used for parts of marine 
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onginos, hydraulic rams, valves and cylinders, ole. Probably its 
most important application in in the manufacture of propellers 
and propeller blades. As compared with iron or steed propellers 
it has many advantages. It is lighter, and there fore tho strains 
on tho shafting, bearings, etc., are considerably reduced. Purther, 
it is practically unailbetud by sea water, so that the propoller 
blades retain their smooth surface. In the case of iron and steel 
the pitting duo to the corrosion of the sea water causes a falling- 
off in tho speed, and in time necessitates tho renewal of the 
propeller. It has been stated that tho substitution of a 
manganese-bronze propeller in place of an iron one increases the 
speed of a vessel by about half a knot for the same coal con¬ 
sumption. Moreover, the alley is oapablo of being worked cold, 
and in several cast's whore the propeller blades have been injured 
by accidents they have been hammered into shape without any 
sign of breaking. 

A minor, but not altogether unimportant, consideration is tho 
fact that a bronze propeller is always of value as a copper alloy. 
Those advantages more than compensate for the extra initial cost 
of a manganese-bronze propeller. 

In the early days of manganese bronze propellers erosion was a 
serious source of trouble, lmt it is claimed that, the addition of 
about 2 per oont. of nickel to the alloy renders it immune from 
this trouble. 

Tho addition of aluminium to manganese bronze gives rise to a 
series of alloys possessing very remarkable and useful properties. 
Bronzes of this description were placed upon tho market several 
years ago under the name of “ humadium ” by the Manganese 
Bronze and Btomh Company. They have an ultimate tensile 
strength of 38 tons per sq. in. in the cam* of forgings, and 42 tons 
per aq. in. in the case of rolled rods, with an elongation of From 20 
|o 25 per cent., and are made of different qualities to suit require¬ 
ments. The structure of these alloys is very similar to that of 
ordinary manganese-bronze, hut of somewhat liner and closer 
grain, tho aluminium appearing to enter the alloy in tin* form of a 
solid solution. Photographs 28, 24, 25, and 26 show the structure 
of two samples of I m modi tun-bronze. Tho alleys work perfectly 
and take a very lino polish. They may l»e used for all purposes 
where strength and toughness are required, but their most valuable 
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property is the remarkable resistance to the action of corrosive 
liquids which they possess. On this account they have been 
largely used in tine manufacture of rods, valves, and other parts 
of pumps having to cloal with acid water. 

Aluminium-bronze. 

The term “aluminium-bronze ” is applied to alloys of copper 
and aluminium containing from 2 to 10 per cent, of aluminium. 
With more than 10 pur cent, the alloys rapidly heeornu brittle, 
and boyond 11 per cent, they are valueless from an industrial 
point of viow. 

Tho first aluminium bronze was made by I)r i’eroy, and its 
properties studied by Did)ray ; hut at that time aluminium was 
a rare and expensive metal, ho that for many years the alley, 
which was known as “aluminium gold,” was regarded rather as a 
ouriosity than a commercially useful alloy. With Din introduction 
of electrical methods of reducing aluminium, however, aluminium 
bronze became a practical alloy, uud was placed on the market 
by the (Jowins Smelting (Jompany, who manufactured alloys 
containing from 1| to 11 per cent, of aluminium, for which they 
claimed an ultimate tensile strength ranging from 9 tons per- 
sq. in. in tho l| per cent, alloy to 50 tons per sq. in. in the 
ll percent, alloy. Since then the manufacture of aluminium has 
boon much improved and the price lowered; but it is still 
sufficiently high to prevent the alloys being more extensively used. 

The properties of the copper- aluminium alloys have been 
studied by (lautier, I/O (Jhatelior, and Guillet, and, more recently, 
by Carpenter and Edwards, who have confirmed and extended the 
work of Ouillet. The equilibrium diagram of tho series is shown 
in fig. 5(5, hut, as already mentioned, wo are only concerned with 
a small portion of the curve, viz. that of the alloys containing loss 
than 11 per cent, of aluminium, as the other alloys (with the ex¬ 
ception of a few represented by a small part of the curve at the 
other end, which will he considered later) are of no industrial 
importance. As regards the alloys lying between those two 
portions of the curve there is a definite compound corresponding 
to the formula (!uAl a , which forms a simple series of alloys with 
aluminium, having a eutectic containing 67 per cent, of aluminium. 
There is little doubt that a compound corresponding to the 
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formula (ln ;t AI exists, and, possibly, mm corresponding to On 4 Al; 

o but th oho o.oiu[)(mndsdo 
- 5 § n § ^ not form simple alloys 



with copper. Thoy give 
rise to a norioH of solid 
solutions of a complex 
and unstable character. 

A hi minium-bronzes 
may bo conveniently 
divided into two groups, 
viz. (1) those contain¬ 
ing from 0 to 7-35 per 
cent., of aluminium; 
and (2) those containing 
from 7*35 to 10 per cent. 
Up to 7*35 per coat, the 
alloys consist of a single 
homogeneous solid solu¬ 
tion and are extremely 
ductile (photographs 28 
to 31) ; whereas the 
alloys containing more 
than 7*35 per oonb, con¬ 
tain a hard, dark-col¬ 
oured constituent which 
is accompanied by an 
increase in (lut tensile 
strength of the alloys 
and a dccrouso in due 
t-ility. The curves in 
tigs. 57, 5K, and 5!) are 
plotted from the results 
obtained by Carpenter 
and Kdwards on sand 
eastings, rolled bars, and 
cold drawn bars respoo* 
lively ; and are quite in 
accordance with what 


would be expected from the micwscopieal appearance of the alloys. 
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bronzes belonging to the first groxip ( i.e . those containing 
11 7 >3 5 percent, of aluminium) are very similar to high- 
lasses containing 70 per cont. of copper, and can be em- 
cor many purposes in place of brass. The alloys can be 
forged and rolled, and can be drawn cold. Unfortunately, 
glx price is a serious drawbrack to their more extended use, 
in special cases; but the alloys containing 2 per cent, of 
nm liEtvc been used in the manufacture of tubes and those 
ng 5 p er cen t. for rods, etc.; while, owing to their 



4 e 8 10 13> 

Fig. 57 ■ Tensile Tests on Sand Castings. 


il gold colour, they have been largely used for art castings- 
£tp jewellery. 

- of -the difficulties met with in brass, such as “season 
g,rtx'e also common to aluminium-bronze; and it has been 
iat tubes which have rocoived too groat a pinch in the 
: will fracture in the course of a few months in exactly the 
ay a,B brass tubes. Moreover, on annealing aluminium- 
dxe crystals incroase in size, just as in the case of brass, 
’owtli of crystal is accompanied by a decrease in the 
3 strength of the alloy and a very marked falling-off in 
d-point. The table on p. 209 gives the results obtained 
jenter and Edwards in the case of four alloys. 
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Alu¬ 

minium. 

Condition. 

Yield- 
point. 
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Elastic 
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Elonga¬ 
tion on 

2 in. 
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tion of 
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Pur mil. 

Rolled—- 

Tons per 
mp in. 

Tons per 
sq. in. 


Per cent. 

Per cent. 

0*10 

Uutroalwl 

0*9 

14*60 

0-48 

65-6 

00-71 


Ono hour at. 000“ (1, 

6*0 

14-11 

0-86 

(in-o 

01-60 


,, 900“ D. 

I 5-H 

18 *20 

0-44 

66-0 

87-66 

‘2-99 

Uni rca Led 

11*0 

19*70 

0-60 

67-25 

86-11 


Ono liour at. tiOO" O. 

(i *0 

18*54 

0-37 

6(5-00 

89-84 


,, 900“ 0. 
Untreated 

n*8 

19*76 

0*30 

I 8*2*5 

88-60 

r>*78 

11*8 

28*40 

0*42 

74-2 

: 76-98 


Ono hour at 000" O, 

9*4 

27*20 

0-88 

77*0 

76-00 


,, 900 s U, 

8*0 

28*66 

0-25 

8(5-0 

70-00 

7*86 

Untreated 

10*0 

*20-68 

0-86 

72*6 

74-84 


Ono hour at 900® O. 

7*1 

28*80 

0*80 

02‘0 

72-00 


in these experiments tho alloys ware only heated for ono hour; but 
a practical example of Um ofiee.ts of continued heating baa been 
recorded in the ease of a locomotive belonging to tho London and 
North-Western Railway (lompany, whieh wan fitted with aluminium- 
bronze lirobox stays. Aftor being in use for two months, during 
which timo tbo locomotive had run only 2-100 miles, it had to be 
taken oil' tbo road on account of tbo numlior of fractured stays. 
This question of the mechanical properties of alloys at temperatures 
above tbo normal is an exceedingly interesting ono, and is dealt 
with in more detail in another chapter. 

As regards the general heat treatment of those alloys their 
properties appear to bo little affected, whether slowly cooled or 
quenched. In this respect they difi’or from the alloys of the 
second group, containing more than 7*35 per cent, of aluminium. 
Tho cum® in figs. GO, 61, and 62 show the results obtained by 
Carpenter and hklwurdH on chill castings and on sand castings 
slowly cooled and quenched from H(K) S 0. 

Tho alloys belonging to tho second group are composed of two 
constituents, the now component being a hard aoioular mass, 
which was formerly supposed to bo a eutectic, (photograph 32); but 
when examined under high powers its structure can bo easily distin¬ 
guished from that of a eutectic. Photograph 33 shows the striated 
or aoioular structure of this constituent It appears to bo a 
solution of an unstable character, as it is profoundly altered by heat 

14 











Fra. 51. ’-Tcmiila Testa on Band tins tings slowly mmkd from 800* (J. 


the alloys containing the constituent are eonsulombly 
'-•'rmal treatment as shown in the curvet). Tho 
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bronzos of this class arc still ductile, and have been used for 
propollers, while Carpenter and Edwards claim that they are 
unsurpassed for the production of castings intended to withstand 
high prossuro. 

Fig. 63 gives the curve representing the hardness of the series 
of alloys containing aluminium up to 15 per cent., as determined 
by the Brinoll test, and illustrates very plainly the rapid increaso 
in hardness caused by the appearance of the hard constituent. 


1 UA 

--».Wt--^ 



/Uui/unium* per 


Fm. 62. ~ Tensile 'rests on Sand Castings, quenched from 800* 0. in Water. 

The melting and ousting of aluminium-bronze present no great 
difficulty, although both operations must bo carried out with 
greater care than is necessary in the case of ordinary bronze or 
brass owing to the readiness with which the aluminium becomes 
oxidised. The alloys are melted in graphite crucibles under a 
layer of oharcoal and with as little stirring as possible to prevent 
oxidation. Under these conditions very little alteration in com¬ 
position is noticeable on remolting. The fact recorded by several 
observers that copper and aluminium unite with the product inn 
of intense heat is due. not so much to the combination of r.onocr 
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and aluminium, as to the combination of l.ho oxygen contained in 
the coppor with tho aluminium. The boat evolved on alloying 
deoxidised copper with aluminium is comparatively slight. 

Aluminium-bronze undergoes considerable contraction on cool¬ 



ing, and allowance must ho made for this in easting the. alloys, by 
providing largo gates and a good bend of the molten metal. The 
costing should also ho carried out at as low a temperature as 
possible. There is no doubt that the contraction or shrinkage of 
aluminium bronze, together with its pi-oneness to oxidation, have 
done much to binder its adoption for many purposes for which it 
might bo usefidly employed. The largo risers ruipiiml to com- 
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pousato for tint shrinkage necessitate the malting of an excess of 
tnolal and Dio production of largo quantities of ho rap to bo rtv 
moltod, thereby raining (ho cost, of production. 

Ah regard h tho alinont instantaneous oxidation of the surface 
of the million alloy when exposed to the air, and (ho dilliculty of 
keeping this oxide nut, of the eastings, .Sperry nay a : " The greatest, 
obstacle in the way of eanting aluminium bronze is its oxidation 
when molted. Whenever the warfare of the molten metal i« 
exposed to the air, a tilm of oxido of aluminium forma on it. The 
more it in oxpoHed, tho greater the amount. Tins explains why 
Nii‘‘h a large amount of dross forma when aluminium bronze is 
being stirred. When allowed to remain at rent in a erurifde, very 
litl lc forms, as tlm surface of the metal ia protected by tho film 
already on it. It also shows why ulumiuium brou/e should 
alwayH be poured with as little st irriug as posnihlo. Any agent, 
Hiioh an wet Hand, which tends to stir the metal up, produces. 
drosH and tho accompanying dirty castnigs. The more quietly 
aluminium bnue/e can bo poured, t.he better the eu.tiuga, The 
only method,” ho adds*, " by which it eau be east in a commercial 
manner in to prevent, its being agitated while the pouring is 
taking place, either by Hiirring, too high a drop from the crucible 
to the mould, or by wot Hand. The more quietly it can be jammi, 
the Handler the quantity of drew, Dross which forma in molting 
may he skimmed off, but that, which forma while the pouring in 
taking place cittern tins canting. The various skim gates, {muring 
from the bottom, etc,,, are all oTicne,knits, as they servo to trap the 
dress and prevent its entrance into tho casting.” 

In addition to the binary alloys of copper and aluminium, alloys 
containing a amall percentage of nickel have been placed on the 
market, 'l'he addition of nickel appears to give harder and 
Htronger alloys, hut there is very little available information as to 
their practical uses. 

Aluminium bronzes containing 1 to 2 per rent, of silicon have 
also boon placed on the market under various trade names. Th< 
addition of silicon has the client of increasing the tensile strength 
of the alloy, while tho falling off in the elongation appears to bo 
very considerable. 
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Aluminium-brass. 

Aluminium-brasH, as its name implies, in a brass containing a 
small quant itv not. 4 per cent.*- of aluminium. Thu 

alloys worn placed on the market l»y tlm (lowles Kleetrir. Smelting 
Uompauy, togethor with an alloy containing iron in addition to 
aluminium, which was known as Hercules metal. These alloys 
arc still in use, and reference has already been made to mangaiusso- 
brasses containing aluminium. 

Thu constitution of aluminium brasses has been studied by 
(bullet, and his results are of considerable interest. His experi¬ 
ments have been carried out on the two important types of 
brass containing respectively 20 and 40 per cent, of zinc by 
adding increasing quantities of aluminium, lie finds that the 
structure of the alloys is the same as that of t.hu common 
brasses, the aluminium appearing to have the same effect as 
sdno, bub to a greater degree, 'rims an alloy containing 28 
per omit, of zinc, and 2 per cent, of aluminium has the structure 
of a brass containing 4b per emit., of /.iue.; and this holds good 
with all tlm alloys, so that (bullet. argues that in these alloys 
l per cent, of aluminium is oqnivnlenf to .‘U per emit, of '/.iue. 

With more than 4 per cent, of aluminium the allo\s arc dilliculb 
to work. 

Aluminium brass gives excellent eastings, and can be rolled 
and forged while hot. it is suitable for pumps, valves, pinions, 
etc., and also for propellers, (bullet states that the alloys have 
been used in France for the e<mstrue.tion of submarines, but that 
they have not proved entirely satisfactory. 

The mechanical properties of several of the alloys have 
also boon determined by (bullet, and his resit lt,H are shown in 
the table (see p. *21 f>). 

A number of aluminium brasses, to Home of which a small per 
oentage of iron has been added, are now on the market, and their 
properties arc similar to those of the manganese brasses to which 
reference lias already been made. The nth lit ion of iron is of 
interest, ns it alters the structure and properties of the alloys to 
some extent. The iron unites with a portion of the nine to form 
a definite compound which separates out as small particles or 
crystals, thus forming a nucleus around whieli the so called £ 
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constituent solidities. Thin structure, which is illustrated in 
photograph 26, confers upon the alloy tho power of increased 
resistance to wear without materially alleeting its strength or 
ductility. 








Composition. 







'IViibUo Sli'migth 

Klustie, Limit, 

Klmigulion 




in Loiih pur sip in. 

in tuuH pm* mp in. 

pur ri'Ut, 

Copper. 

Zinc. 

Aluminium. 




7(H) 

8!Ht 

0 0 

H‘7 

!H! 

;.o 

09‘0 

29 4> 

n-i 

12*0 

2'9 

59 

7<> 0 

28 *,S 

0 0 

14‘4 

4-2 

(17 

70-r* 

CO f 4 

:t l 

21 Ti 

8*5 

50 

70*1 

‘24'7 

r »-2 

82‘2 

4 7 

11 

fJO-0 

■10‘0 

0 0 

20‘2 

57 

4? 

f.ii'i; 

•10*1 

()‘.'t 

20‘5 

0*2 

51 

59‘9 

4« , :i 

(l‘H 

19 ‘0 

(!•() 

4 ft 

59 (i 

38'5 

2'0 

29 ‘2 

7 5 

14 

00'4 

85*9 

4*7 

28*0 

11*8 

2 
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Com position. 







TiMiHtln Strength 

Klastio Limit 

Klon^aticm 




in tusiH por tap in, 

in tmmpor aip in. 

per cent. 

('.nppev. 

Zinc. 

Aluminium. 




61‘4 

8SM 

07 

22*8 

(S'4 

45 

on ;i 

88-2 

1‘1 

24‘2 

71 

8(1 

(11 ‘0 

877 

t '4 

2811 

7'8 

48 

09 1) 

87'9 

ten 

24‘8 

ii*5 

17 

59‘H 

87‘2 

2 7 

2H'2 

11 ‘2 

18 

00 0 

80 M 

81) 

80‘6 

11 ■« 

18 


Vanadium-Bronze. 

Although vanadium-bronze lma made little progre uu ’’ 
country it appears to have mot with greater hu , “''''•*■ '* 
where it is said to be largely used by tb 
naval construction, as well as by private f 
Tho efleet of vanadium upon copper an 
be, like many other ilooxidisers, twofold. *. 
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romovos all oxides, thereby giving sounder eastings and more 
homogeneous metal. A small addition of vanadium enables pure 
ooppor to bo cast with ease, and Urn ductility in rather increased 
than decreased, Tins possibility of making intricate castings of 
pure ooppor in of the greatest importance in the electrical industry, 
and vanadium is of great assist unco in (his respect, but it must 
bo remembered that an excess of vanadium increases the electrical 
resistance of the copper to a serious extent. For other than 
electrical purposes, however, an excess of vanadium increases the 
strength of copper and oopper alloys. Sumo results obtained on 
those alloys in America have been given by Norris. 1 lo slates 
that tests on a 60 10 brass in which only a trace of vanadium 
remained showed an increase in tensile strength from 17 to 22 
tons per aq. in. and an increased elongation on 2 ins. from 28 
to 45 per cent. Touts on two samples of manganese bronze are. 
also given as follows :~— 


Omujumitimi. 


Miutgiuitw Ilrm 


M UlgllfU'Ml- 

Vuu ulium-Hronzc. 


Ooppw . 

Zinc 

Aluminium 

Mmigiuuw 

Iron 

Vanadium 


as OH 
i 

GAD 

(1*M 

nil 


r.H’t.u 

1 MH 
0-4K 
1 '00 
tcoa 


Ultimate fotmilc strength 
Elastic limit. , 
Elongation on, *4 iua. 
Reduction of area 


’,!-i loin 

in-a ,, 

'JU S*»T crut, 

1H ,, 


ac 1 1 tmiM 
*11 ,, 

Ut pet ■••uit, 
U 


An alloy similar to mangam-so hrmi/.n but in which tin* man* 
gun oho is replaced by vanadium is said to he largely used in 
woth, and the following tests are given for the east and 
-n metal: - 
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Oast. 

Cold Drawn. 


fj-iueh rod. 

fl-inoli wire. 

Ultimate tensile strength 
Elastic limit . . 

Elongation on 2 inn. 
Reduction of area . 

ill '7 tons 

1*2-1 ,, 

!J2 pm- emit. 

-.i 

•11*1 tons 

nr>*7 „ 

11‘5 pm- emit. 
29*8 

45-0 tons 

80-4 ,, 

12-0 pm* cent. 
88-6 ,, 


Experience in l.liis country is iusullirttsit to unable any do finite 
conclusion to tin an-ivnd at with regard to the merit of vanadium 
as compared with other metals commonly used as additions to 
copper alloys. 
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CHAPTER X. 


GERMAN - SILVER, AND MISCELLANEOUS COPPER 
ALLOYS. 

(JicitMAN silver probably exists under a creator number of names 
than any other alloy. Nickel silver, urgcntan, parkfoug, whito 
copper, ailveroid, silvoritc, Nevada silver, I’otoxi silver, Virginia 
ailvor, and oleotrum are Home of the immw which have been UHed 
to describe it in this country ; while on the Continent it m known 
as vvtUhr.hort (after Maillot., who iutrodum<1 it into Franco in 
17 ID), (dfthiii/r ar;/<roitli\ tint nUrt'r, and tc> inn kupfer. The alloy 
consists of copper, nickel, and zinc, but the <iuautitieB vary 
coiiHidomblv in ditlerent Hsuuple.H. before dealing with the 
ternary alloy it may 1m well to hm-lly consider the binary alloyH 
of copper and nickel, an they have (to a limited extent) their own 
industrial applieatiouH. Unfortunately, very little work appears 
to have been done in connection with eit her series of alloys, and 
the information coueerniug them is incomplete and unsatisfactory. 

From the freezing point curve of the cupper nickel series, as 
determined by Cautier, it would seem that a compound corre¬ 
sponding to the formula CuNi is formed, which in soluble in 
copper and nickel. The micro structure of the alloys confirms 
the view that they are solid solutions, but docs not indicate the 
existence of a compound. The ch-etrieal conductivity of the 
aeries, however, shows a minimum in tin* alloy containing 40 per 
cent, of nickel, which is not far removed from the composition of 
tho supposed compound ; but, on the other hand, the measure 
t of the electromotive force of the alloys fails to indicate 
itcuoo of a compound. 

t from the alloy containing 00 per cent, of nickel, which 
‘ 21 « 
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is used in tho manufacture of German silver, the alloys generally 
used con lain quantifies of nickel not exceeding 25 per cent. 
Those alloys, when east, exhibit the characteristic structure of 
quickly-cooled solid solutions, but, on annealing, the crystallites 
undergo gradual absorption and are replaced by the regular 
crystalline structure of simple metals and homogeneous solid 
solutions. This change of structure with annealing has been 
considered in some detail in flic case of flic copper zinc alloys 
containing 110 pm* cent, of zinc,. 

An alloy containing 25 per cent, of nickel has been largely 
used as a coinage alloy, but at the present time there appears 
to he a tendency to substitute nickel coins for those of the alloy. 
A 25 per cent, alloy has also been used for locomotive firebox 
plates with satisfactory results; while an alloy containing only 
5 per e.onf. of nickel lias been adopted by flm Hrifish Government 
for Urn driving bands of projectiles, (tipper containing 11 per 
cent, of nickel has also been found to give excellent results for 
locomotive boiler Lubes. In this connection an instructive 
experiment was made by Mr Webb of the Loudon and .North- 
Western Railway Works at Grown. A four wheels coupled 
passenger engine was titled with 19H lubes by ten dill'oronfc 
makers and a record k<>pt of (.lie tidies requiring renewal. The 
first tube failed after the engine had run 3*1,0(17 miles, and the 
second tube (of the same make) after *10,(112 miles. The first 
and only failure of the make which stood best did not occur until 
tho engine had run l2'i,.Sl)(» miles. Tho failure of the tubes, 
which was due to wear from the amide by the corrosion of 
furnace gases and abrasion of cinders, invariably occurred at 
a point within 5 ins. of the firebox and at tho bottom of 
tho tube. Analyses of nil tho tuboH showed that those giving 
tho host service contained about 3 per cent, of nickel, and 
excellent results wens obtained from those containing not less 
than ()'f> per cent, of arsenic. Tho use of alloys containing 
about 2 per cent, of nickel for Hrebox stays has already boon 
mentioned. 

An alloy -containing (10 percent, of copper and 40 per cent, of 
nickel is known under the name of constantas, and is used in 
the form of wire for electric resistances, and also in conjunction 
with a copper wire as a thermoelectric junction suitable for the 
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measurement of temperatures which an? not HutUoieutly high to 
necessitate the use ol a platinum couple. 

During tho last few years an alloy of nickel and copper to 
wliich tho name Monol metal lias boon given has been very 
largely used in America. It is produced by the direct reduction 
of tho nickel copper matte obtained by smelting the mixed 
sulphide ores of tlmse metals as they occur in Ontario. Naturally 
the composition varies within certain limits, and additions may 
also be made in order to niter the mechanical properties to suit 
requirements. Thu composition of the natural alloy is approxi¬ 
mately (>‘7 per eent. nickel, 2S pur cunt, copper, 2 to 3 per cent, 
iron, together with small quantities of silicon, manganese, eto. 
A sample of rolled metal of this composition gave a tensile 
strength of *17 tons per aq. in., with an elastic, limit of 34 tons, 
and 20 per cent, elongation mi 2 him. 

The alloy casts well if a amiable dcoxidiser aueb as aluminium 
or magnesium is used, and it. is capable of being rolled into rods, 
sheets, ate., without ditlieulty. It romals e,i»rn< mm remarkably 
well, and is buing used in America for the matiuf.irfitro of pro¬ 
pellers. The U.S, UoVonmcml specification for the composition 
of the alloy for ibis puip"so is: 


Nick.d 
(’iqipur 
Iron . 
Aluminumt . 

Ilt'ltd . 


!tM it jit'!' ISUit. 

.:.M 0 

O'f) 

nil 


This gives a tonsil*- nttvmMh of .’17 tout, wtdi an tda.de limit, ef 
17 fens, and an elougutmu of t i per cent, oti the east alloy, and 
3U Ums tensile, 2(1 tuna elantic. hunt, and 40 pi«r cent, t'longaliou 
on the rolled inHal. Other physical properties given for this 
alloy as cast are, specific gravity NT/, melting point l.’tilD", hardticHs 
(aoloroscopc) 22 , electrical rouduetiwt.y 4 (taking nipper aH 100), 
aad shrinkage | in. per foot. Monel metal is mud to have been 
used in Dormany for firebox plates, but information on this point, 
ii lacking. 

Owing to the remarkable resist mice to corrosion ahown by the 
nickel copper ullox s emitainiug high percentages of nickel, attempts 
have naturally been made to adapt these at toys to various engineer¬ 
ing purposes. If, fur example, part, of the nickel in an alloy similar 
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to Monel motal is roplaood by tin, the ductility of the alloy is 
lowered, but it possesses great resistance to corrosion, a low 
cootlioiont of friction, and is unaffected by moderately high 
tomporaturos. It is therefore a valuable alloy for tho con¬ 
struction of such parts as tho seats and discs of high-prcssuro 
stoam valves. An alloy for this purpose containing approximately 
54 por cent, of nickel, .‘iff per cent, of copper, and Id per cont. 
of tin, known as I'latimm metal, is due to the enterprise of Messrs 
J. Hoplcinson A Company, who wore tho first to realise tho 
importance of those alloys. 

Tho addition of nine to tho copper nickel alloys is not attended 
with tho formation of compounds, and the resulting alloys (the 
Gorman silvers) consist of a single homogeneous solid solution. 
Photograph M shows the structure of a rolled German silver. 
They may he regarded either as brasses containing nickel in 
solution, or as copper nickel alloys containing zinc in solution. 
They are very ductile, and can he rolled, hammered, stamped, 
and drawn. At thu same time they are hard, tough, not easily 
corroded, and, above all, possess the valuable properly of being 
white. As in the case of most solid solutions, the alloys arc 
softened by annealing. 

The following table gives tho results of a number of analyses 
of German silvers (collected by lliorns) with the names of the 
authorities • 


—• -.. ■ 

. 



—-* 




tkimjiiiMliim per oonfc 


Authority. 





— 

...-- 



Nickel. 

(Ml.alt. 

Zinc. 

Iron. 

bend. 

1. I''yl» . 

-Hi 4 

:u ‘it 


2f> ’4 

2*0 


2. Frick i< . 

,',0'lJ 

:* i 


IK'S 



8. Uui’iiior 


V<HH 


20 '1 



4. 

,■ i a 

'.'(•■a 


22'4 



fi, Krujiji . 

U 1 

V.fi ’H 


22/0 



(1. 

•ivf. 

vA -a 


24 ‘It 


7. II iormi . 

;.;-u 

va n 


ik-; 

■■■ . 

8. tl nett W 

..*.1 0 

g;> >■/ 


IH'fi 

... oil 

0. 

>,i, 

V. 1 '4 


211' \ 



10. IIioriiM . 

Met 



20 M 

(iit 


n. 

Ml (• 

*>u\M 


28-2 



12. Henry , 

1 tty ■» 

it) a 


1 .*i Cl 



18. Losyut . 

| 

iri 


17'I 

... 


— ~ .... .. 

— 

—.... 

. ™ 

— -• 
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Anai.yniw ok (Jkuman Silvkr— continued. 





Composition per cent. 


Authority, 



. 





Copper. 

Nickel. 

Cobalt. 

Zinc. 

Iron. 

head. 


14. IV A rent. 

* 

601) 

18*7 

... 

31-2 



15. IlioruH , 


r.H'0 

18-6 


23*6 



111. Smith . 


lit) 1) 

18-8 

3-4 

17*8 



17. Krupp . 


58'3 

10 4 


19*4 


2*9 

18. IlioruH . 


68*1 

01-2 


30-0 

0*67 


19. „ 


6f.-il 

15*7 


28*7 



20. 

21. liouyot . 


611*8 

15 -11 


27 ‘2 

0*8 



112 '4 

161) 


32*1 

... 


22, Krupp . 


67’H 

HI! 


27*1 

... 

0'8 

23. Hiorua . 


fiH‘7 

18*8 


26 *4 

i 1 o 


24. 


67 •() 

18*4 


27-tl 

1 2*0 


25. Firmer . 


67 *4 

181) 


1 2(!*l! 

3*0 


25. Hiorna . 


f. ■ 4 

11 li 


81*4 

111 


27. Iionyet . 

28. Knoliet . 


H2 8 

10*X 


20 *5 




6W1 

0 7 


31*2 



20. IliorriH . 


6(1*0 

! K*2 


26*3 

6*5 


80. Krupp . 


iUH> 

tl -I) 

!" ! 

311) 




The (tamo authority gives the oomptwition of the various 
qualities of Herman silver made by the best- makern in Birmingham, 
together with the trade names under whieh they are known:— 


Name, 


Composition pt*r wilt 


Cupjmr. 


Nickel. 


'/Am. 


Extra white metal 
White metal . , 

Argtwoid , 

Bent heat , 

Finite or boat 
8penial flrata 
Second# , , 

Third* . . , 

Special thirds , 
Fourth* 

Fifths, for plated gamin 


fit) 
f» 4 

to 

Dll 


m 

till 

55 

67 


HO 
’,‘1 
V» § 

V, I 
If! 
17 
i i 
1 '2 
n 
10 
7 


20 

22 

ai 

20 

28 

a? 

24 

82 

;uj| 

85 

38 


The bust of these ulioyH are somewhat maily ; and for moat 
mvpoHOH the quantity of niokel does not exceed ill) jmr eenl. 

Ah Lho result of a number of experiments on the relative 


ism 
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composition of German silver, lliorns concludes that, for alloys 
containing loss than 16 per cent, of nickel the quantity of zinc 
should bo 30 por cent, in order to givo the host results; while 
with alloys containing more than 16 per cent, of nickel tho 
quantity of zinc should be less than 30 per cent. 

As regards tho impurities found in German silver, those most 
often met with are iron, load, and tin. Iron forms a solid solution 
with the alloy, with tho result that it increases tho strength, 
hardness, and elasticity of the alloy, and at tho samo time makes 
it slightly whiter. It follows that, for some purposes tho addition 
of 1 or 2 por cent, of iron may bo an advantage. Tin, on the 
other hand, does not enter into solid solution in the alloy, but 
forms a eutectic which renders the metal brittle and unlit for 
rolling. It also makes the alloy decidedly yellow in colour when 
present oven in small quantities. For ornamental castings, how¬ 
ever, an alloy containing 1 or 2 per cent, of tin is frequently 
used. Lead does not alloy with Gorman silver, hut separates out 
as metallic lend, in the same way us already described in tho case 
of brass. '1'his mclal is therefore purposely added to the extent 
of 2 or 3 por cent., when the metal is to ho cast and subse¬ 
quently worked, but is not permissible in metal that is intended 
for rolling. Tho remarks which have born made with regard 
to load iu brass apply equally to the ease of German silver. 
Cobalt is occasionally found in small quantities, owing to its 
presence iu the nickel, and has sometimes boon purposely added ; 
but it is an expensive metal, and does not appear to confer any 
properties upon (he alloy to justify its presence. 

Gorman silver is made by melting the metals in the usual way 
in graphite erneihles. Thu Hopurnto metals, however, are not 
molted together ; hut are used in the form of alloys of copper and 
nickel and copper and ziur. This method answers the. double 
purpose of more readily producing a homogeneous alloy and 
lessoning the oxidation of the zinc. Shortly before pouring the 
metal a further small quantity of zinc may ho added, to eum- 
ponsato for volatilisation and ensure thorough deoxidation of the 
alloy. 

Tho metal is east, in iron moulds similar to those used in brass 
easting, but of dillerent. sizes. For ingots which art! intended to 
be rolled into sheets the moulds are from 16 to 18 ins. in lenglli, 
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1 to 11 inn. thick, and from 'I to n inn. wide ; while fur inputs for 
wiro drawing the Hi/, on arc trom -l A to a It. long, 11 inn. thick, 
and ins. wide!. Tin' method of rusting in exactly the sumo as 
in the case of brans ; hut I ho melting point, of German silver being 
higher than that of brass, the easting ban to ho. performed rapidly, 
or the crucible ban to bo ret timed to the Itimaoe to ho reheatod. 

From time to Lime various metala have been added to Gorman 
Hilvor for Hpee.ial purposes, ami a great, number of complex alloys 
have been patented ; but very few of thorn appear to have mot 
with any HUoee.HH. Them are, however, a fmv exceptions which 
may bo mentioned. 

I'latiiurid is a German silver containing tungsten. It consists 
of (10 per e.ont,. copper, l 1 per mi!, nickel, 21 per cent, zinc., and 
1 to 2 por cent, tungsten. 'Huh alloy pus .eases a low electrical 
conductivity, and lias therefore been hugely used in tI k* manu¬ 
facture of olootrien! resistances. If sir add he pninled nut, how 
over, that many sumpluH of platinoid fail to show even traces of 
tungsten on analysis. 

Gorman silvers containing silver were introduced long ago by 
linol/;, and wore used for making jewellery, The eempimitiou of 
the alloys varied, hut. they contained from *.!U to .10 per emit, of 
silver, 25 to 10 per cent. of nickel, and 11 0> 10 per cent, of 
copper. Similar alloys, lmf r<mtuming le-m sih«-r t hnvo been used 
for tho subsidiary coinage of Switzerland. The percentage com¬ 
position of these allova was an follows! 



20 i Tut me ■ 

to t *«tll 

ft ( Vutimss, 

Silver .... 

t*> j 

to 

s 

Cornier .... 
Nlokcil .... 

f.O i 

T* 

I HO 

1 

Zino . , 

(o | 

to 

1 1(1 


Several Gorman silvers etmtatning aluminium have been 
suggested, tho aluminium acting ana deoiidi .or An alloy of this 
description containing 57 per omit, copper, 20 per rent, nickel, 
20 por cent, zinc, and 3 per cent, aluminium, m largely used for 
typewriter parts. Magnesium i« sometime* used for the name 
purpose, and an alloy containing 75 to 0o per cent of copper, 10 
to 25 por cent, of nickel, and l to 2 per cent, of magnesium, is said 
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to be largely used in Germany. The high cost of these alloys, 
howevor, is a sorious drawback. 

Gorman silver can bo readily soldered, tho alloy used for this 
purpose being made moro fusible than the German silver by 
having a larger proportion of zmo. Tho usual composition of 
German silver solder is : Copper 47 per cent., nickel 11 per cent., 
and zinc 42 per oont. 

Pliosplior-copper. 

Copper and phosphorus combine very readily with the formation 
of a definite chemical compound corresponding to tho formula 
Cu,,P. If has a bluish-grey motallio 
lustre, is very haul, and brittle enough 
to bo easily reduced to powder. ft 
forms with copper a simple aeries of 
alloys with a outeotio containing 8‘2 
per cent, of copper and melting at 
704° C. Commercial phosphor copper 
oomtrs in two varieties-—one containing 
If) per oont. of phosphorus, which is 
practically tho compound Ou f ,P; and 
tho other containing 10 per cent, of 
phosphorus, consisting mainly of the 
outeotio. Roth those phosphor coppers 
are exceedingly brittle ; this is a great 
advantage, as their chief use is that of a 
dooxidiser to he added to oopper and copper alloys. A brittle sub¬ 
stance which can be broken into small lumps or powdered, possesses 
obvious advantages when exact quantities have to ho weighed out. 

Phosphor copper is made either by passing tho vapour of 
phosphorus into molten ooppor, or over heated copper, or, more 
readily, by adding phosphorus to molten copper. An ingenious 
dovioo for ell'oettng tho combination is described by llionm and 
illustrated in tig. 64. Phosphorus is placed in tho lower vessel A, 
and tho molten ooppor is poured in through the upper vessel R. 
Any phosphorus vapour which escapes combination in the lower 
vohsoI is caught as it passes through the molten metal in the 
upper vessel. 

The usual method of preparing phosphor-copper is by adding 



Fid. 84. —Phosphor-copper 
Crucible. 
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phosphorus to molten copper. Tho <*iUcoh of yellow phosphorus 
are immersed in a Holni.ion of ooppor sulphate until eomplotoly 
coated with copper. They are then dried carefully in sawdust, 
and plunged below the surface of tho metal in tho oruoiblo by 
moans of a pair of tongs. 

Oupro silicon. 

Tho alloys of copper and silicon, like' those of copper and 
phosphorus, are used mainly as domcidispre in tin' manufacture of 
ooppor alloys, (kunmeivial on pm silicon in made in tho electric 
furnace, and contains as much as fib per rent, of silicon ; hut the 
alloys most, generally used do not contain more than df> per cent. 
Those alloys am extremely brittle. 

According to Uuillot the alloys containing less than 7 per cent, 
of silicon consist of solid solutions ; hut beyond this point, there is 
a eutectic which molts at about SOU". 

Copper containing a small quantity of silicon, not exceeding 
0*1 per cent., is much stronger than pure nipper, and has been 
largely used for tho manufacture of telegraph ami telephone 
wires. For this purpose silicon is much better than phosphorus as 
a hardening agent for copper, the conductivity of tho wire being 
considerably higher. Tho addition of phosphorus to copper is 
accompanied by a very marked increase in its oloetrieal resistance. 

(lopper containing a small percentage of silicon has also boon 
successfully list'd as a material for firebox platen. 

Gupro manganese. 

Reference has already been made to the alloys of copper and 
manganese in connection with (he inaiuifneture of manganese- 
bronzes and brasses. The commercial alloys contain about d() per 
cunt, of manganese and unmet hues from d to 1 per cent, of iron, 
and they appear to bo homogeneous solid solutions of manganese 
in copper. They are principally used in the manufacture of tho 
so-called manganosedironzoH, in which the manganese acts partly 
as a deoxidiser, while any excess of the metal is soluhle in tho 
bronze and imparts strength and hardness to it. 

Simple alloys of copper and manganese containing from 1 to G 
“»>t. of manganese are employed for firebox stays ; hut this 
he Mm only useful application of the alloys. 








(.4 KLIM AN SILVER, GOITER ALLOYS. 


2^7 


Copper-magnesium. 

Of late years the alloys of copper and magnesium have been 
extensively used as dooxidisors in the molting of copper alloys, 
and more particularly Gorman silver. Magnesium, unites with 
oxygon with oven greater avidity than aluminium, and any excess 
of the metal above that required to roduoo the oxides in the alloy 
appears to form a solid solution with the alloy, without injuring 
or materially alluding its proportion. 

The freezing point curve of the series, which lias been deter¬ 
mined by M. Boudouard, is somewhat complex, and indicates the 
existence of three definite compounds, corresponding to the 
formuho (Ju a Mg f (InMg, and OuMg„. The curve, thou, can bo 
regarded as four curves representing respectively-— 

1. The alloys Termed between copper and the compound (hi a Mg. 

12. The alloys formed between the two compounds (Ju a Mg and 
On Mg. 

3. The alleys formed between the two compounds OuMg and 

GnMgj,. 

4. The alleys formed between the compound (!uMg a and 
magnesium. 

Tho microscopical examination of the alleys eoniirms the 
existence of the Lhrun compounds. As might be expected, almost 
tho entire series of alloys aro oxtreuiely brittle. 

Copper oxygen. 

(topper possesses the somewhat unique property of forming a 
wolVdoImed serins of alloys with its own oxide. Tho alloys aro a 
simple series, tho ouleetio, which is shewn in photograph fit), con¬ 
taining 3 *45 per cent, of cuprous oxide ((Ju 2 0), equivalent to 
0*311 per cent, of oxygen. This behaviour of copper towards its 
oxide is of considerable importance, and must he taken into account 
when considnring the properties of the copper alloys. Owing to 
the fact that tho oxide separates in the spherical and net in the 
laminated form its influence on the meehauieal properties of the 
metal is relatively small. Thus Ilampe states that 0*45 per cent, 
of copper oxide (equivalent, to 13 per cent, of eutectic) in pure 
copper decs nut affect its ductility, and only when 12*125 per cent, 
of oxide, or 65 per cent, of eutectic is exceeded, does the metal 
become short. 
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The influence of impurities on the condition in which oxide 
• exists in copper is-of considerable interest. Thus arsenic, which 
is present in nearly all commercial coppers and which forms a 
solid solution with copper, causes the copper oxide particles to 
aggregate or “ball up” until tho eutectic structure disappears. 
This accounts for the fact that the eutectic structure is never 
detected in commercial coppers, oven though thoy contain con¬ 
siderable quantities of oxygen. Photograph 63, for example, 
shows the oxide in a firebox copper containing no less than 1 por 
cent, of oxide or the equivalent of 29 per cont. of outectic. It 
contains, however, 04 per cont. of arsenic, and this is quito 
sufficient to completely destroy the characteristic outectic structure 
and cause the oxide to separate in massive form. Tho way in 
which the oxide particles of the outectic coalosco is shown in 
photographs 51 and 52, which represent tho oatoctic mixture to 
which 008 per cent, of arsenic has hoen added. 

Copper-arsenic. 

The alloys of copper and arsenic are. of some importance on 
account of the fact that in this country firebox plates and stays 
are made almost exclusively of coppor containing arsonio. The 
complete series of alloys have boon investigated by Bongough apd 
Hill, who have shown that undor normal conditions of cooling 
copper forms a solid solution with arsenic up to about 3 por oent., 
while in the case of slow cooling or annealing tho solubility is 
considerably less. It is evident, therefore, that only thoso alloys 
containing very small percentages of arsenic are of any practical 
value, and as a matter of fact tho actual percentage in practice 
rarely exceeds 0*5 per cont. It must bo remembered, however, 
that the arsenic enters into solution not as motallio arsonio but as 
arsenide of copper (Cu 8 As), and 1*8 por cent, of arsonido (corre¬ 
sponding to 0'5 per cent, of arsenic) has an appreciable ofFoot in 
strengthening and stiffening the coppor. 

In addition to those already montionod, a number of copper 
alloys are now manufactured for use in tho preparation of special 
bronzes and brasses. These include coppor-vanadium, containing 
9 per cent, of vanadium ; copper-titanium, containing 10 por 
x ‘tanium ; copper-chromium, containing 10 por cont. of 
ind copper-iron, containing 50 por cont. of iron, 



Typical Copper Alloys. 

















































Typical Specifications 



j The tubes must be capable of being 
i flattened down until the interior sur- 
j faces meet, aud then doubled over on 
itself, without showing crack or flaw. 

; Hydraulic Test ,—750 lbs, per sq. in. 
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WHITE METAL ALLOYS LEAD, TIN, AND ANTIMONY. 

Tine alloys of these metals art' very largely t*mjtinvt'tl in the 
industrial world, and art' usua 11 v mel. wit.li under (lie name of 
t( white-metal.” The term m applied indiscriminately to any of 
Urn alloys, whether composed of only two of the metals or all 
throw together; hut, an one,It aeries of allows lata it h dial iuet uses, 
it. will simplify matters to deal first, with the three possible scries 
of binary alloys -viz. load-tin, load antimony, and tin antimony 
-and then with the triple alloys. 

Alloys of Load and Tin. These metals do not form compounds 
or Holitl solutions, hut, mix in all proportions, thus forming the 
simplest series of binary alloys. The freezing point curve of the 
series has already been referred to, and if is only neoessaw to 
repeat, that, the etiteelie eoutaius 'M per eent, of lead, and melts 
at IH'J’f)®. On (>ither side of this point, the alloys entmist of one or 
other of tho metals Kurnmnded by the eutentie. Tho percentage 
of tin in tho oast alloys ean he roughly estimated by the appear¬ 
ance of tho surface. Those rich in lead possess tin' dull bluish 
oolour oharaoteristie of that metal; wliih' the alloys rich iu tin 
have a white surface, which has a slight yellow superficial dc[iosit, 
of oxide of tin. The alloys containing more than *Jf> per rent, of 
lead will leave a mark when drawn iutosh paper. 

The alloys of load and tin are used principally in the manu¬ 
facture of solders, toys and cheap jewellery, am! pewter. 

Solders are very variable in mnqH.sitiou jurmdiug to the quality 
of the metal to he soldered. Those rich in tin are, of course, the 
most valuable, and the alloys are known, according to the amount 
of tin they Contain, as “ common," “ medium," and " best.” 
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For soldering tin and alloys rich in tin a solder rich in tin rmist 
be employed; while for lead and alloys rich in lead a solder rich 
in lead is used. Probably the alloy most commonly employed is 
that containing GG per cent, of lead and 34 per cent, of tin, or 
two parts lead to one of tin. Fqual parts of lead and tin givo 
the alloy known as “ Plumbers’ Solder,” while GO percent, tin and 
40 per cent, load is known as “Tinsmiths’” or “ Tinmen’s Solder.” 
For electrical work an alloy containing 1)5 per cent, of tin is 
largely used. 

Tho host solders should bo made from pure metals and not 
from scrap, as impurities even in small quantities have a pro¬ 
nounced inllueneo on the quality of tho alloys. Both zinc and 
antimony have an injurious oUcet, although the latter is some¬ 
times added as it improves the surface appearance of the metal. 
Phosphorus, on the other hand, may bo added in small quantities 
to oilect complete deoxidation and render the solder more fluid. 

The suitability of the alloys of load and fin for soldering is 
dependent on the fact that those metals do not form compounds 
or solid solutions, and, in oonsoqtumon, almost the entire series of 
alloys is composed of a metal and a eutectic mixture : at tempera¬ 
tures lying between the molting points of those two the alloy is 
only partly solid, or in tlm pasty condition which enables it to 
he easily applied in soldering. Thus, in this ease of the alloy 
referred to above containing GO per cent, of lead, there is a 
range of temperature of GO" during which the alloy is in a pasty 
condition. ’Plus outoofie itself and tho alloys in its immediate 
neighbourhood arc not suitable for solders; but they solidify 
with an exceedingly bright surface, and have been used for 
making imitation jewels, sometimes known as Fahlum brilliants, 
for stage purposes. Tho oulootio alloy is cast in moulds with 
facets resembling the cutting of diamonds. Alloys rich in load 
are used for making toys, such as lend soldiers, etc. These, 
however, contain very little tin seldom more than 4 or 
5 per cent. < 

Tho best known of tho load tin alloys is that commonly known 
aH powtor. This alloy is largely used, and its composition varies 
considerably. Whun intended for tho manufacture of drinking 
vessels it is essential that tho alloy should ho rich in tin. This is 
evident from the consideration of tho constitution of these alloys, 
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for those containing moro than 37 per cent, of load (that is to say, 
more load than is suHu'.iont to form the eutectic of the series) will 
contain free lead in a form readily corroded and dissolved by acid 
liquids. In order to avoid risk of load-poisoning, therefore, 
pew tor should eon tain at least f>3 per cent, of tin, and in France 
the law prohibits the use of pewter containing more than 18 per 
cent, of load for drinking vessels. 

A largo quantity of pewter is used in (be arts. Idtr thin purpose 
tho composition may be altered to suit the requirements of the work. 
Onppor in small quantities is a frequent constituent of pmvter. It 
produces a harder alloy, hut, if present, in more than small quan¬ 
tities, has an injurious uHeot upon the colour of tho pewter. 

Load and Antimony. As in t he case of the load-tin alloys, these 
metals do not form compounds or solid solutions, lmt produce a 
simple series of alloys with a eutectic containing 13 per cent, of 
antimony and molting at 2-lbOn one side uf this point the 
alloys consist of load embedded in onter.lie, and, on tho other side, 
antimony embedded in eutectic. The useful alloys of load and 
antimony are somewhat limited ; thoconsisting principally of 
toad with small amounts of antimony, introduced as a hardening 
agent, being the moat useful. An alloy, however, containing 
(57 per cent., of lead and 33 per rent. of ant imony is occasionally mot 
with, and is used in making the keys of wooden wind instruments. 
Antifriction metals consisting of lend and antimony are still some¬ 
times found, but these have been Kiipmv.eded by the more ollieiont 
triple alloys. 

Load containing antimony up to about. 4 per emit, is largely 
used hi the manufacture of the frauiowoik of accumulator plates, 
as tho alloy is stronger time pure lead, less liable to buckle, and 
cheaper. Antimonial lead is also used in tie* manufacture of 
shot and bullets. 

With tho addition of small quantities of other metals the alloys 
of lead and antimony are extensively used ns type motal. Thu 
essential requirements of a good type motal arc : (l) that it shall 
give good, sharp eastings ; and (2) that it shall bo miHiciimtly 
strong to withstand tho neoeswiry wear and pressure without 
losing its form. Tho first of those requirements is fulfilled by 
\>ys etmtaining not more than lb pm* emit., of antimony, 
"oss tho property of expanding on mailing ; but they 
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aro not strong enough to stand hard wear. 

tho strength of these alloys a certain q uantitynTtHTiH added, 

wlTTohwfiwi^ffffffTfflrToon^^ 

cfpQct of considorahly^^^m^^gtlnrem^^^^^*^^M^^f^^^he 

The composition ot typo-metal vanes considerably. Bn "M<>y 
containing load HO, tin 215, and antimony 25 is said to give tho 
host results for high-class work ; but tho price of such an alloy 
is too high on account of the tin it contains, and a more usual 
composition is approximately load GO, antimony 30, and tin 10 
or oven loss. Elates For music engraving of somewhat similar 
composition aro used abroad, hut in this country tho host 
music printing is done on pewter plates. 

Modern printing machines such as the monotype mid linotype 
use an oven cheaper alloy, in which the tin is often as low as 3 per 
cent, and the lead as high as 85 per cent. 

Alloys of lead and antimony aro frequently used in the con¬ 
struction of pumps required for dealing with corrosive liquids, 
and, as it is important to know the strength of these alloys, 
Erof. (lendman has made a number of very complete dejermina 
bums. Tim alloys selected hail the following compositions :— 


Nu inker. 

Anliinnuy. 

head. 

Tin. 

1 

,0 

00 


‘2 

18 

87 

... 

8 

IB 

85 

... 

•i 

15 

8U 

5 


and the tests were carried out with the object of determining— 

(1) The tensile Hl.retigl.lt and elasticity. 

(2) The compressive strength and elasticity. 

(3) The crushing strength. 

(4) 'Phe bending strength. 

(5) 'Phe shearing strength. 

Tho results of those tests are given in the tables on p. 238. 

Tin and Antimony. These metals give rise to an extremely 
interesting hut considerably more complex series of alloys than 
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those just considered. Tho freezing-point curve, as determined 
by ReindorH, indicates that tho alloys containing antimony 
up to 10 per cent, consist of tin and a eutectic; but beyond 
10 per cent, tho characteristic cubical crystals of the compound 
SuSl) make their appearaneo, and whon 50 por cent, is roached 
tho alloy becomes homogeneous and consists entirely of this 
compound. With more than fiO per cent, of antimony noithor a 
eutectic nor a new constituent makes its appearance ; but the 
crystals gradually change their form and become more and more 
like those of antimony. Kvideutly, then, this is a case of a 
compound being isomorphous with a pure motal; and this fact 
accounts for tho abnormal freezing-point curvo, which apparently 
fails to indicate the existence of a compound. The conductivity 
of the alloys (as determined by Mntthiessou) and the electromotive 
force of solution (as determined by Laurie) also fail to indicate 
the existence of a compound for the same reason. 

The alloys of tin and antimony together with small quantities 
of other metals constitute the class of alloys known under the 
name, of Britannia metftl. The following table shows the 
composition of a number of these alloys:— 


Alloy. 

Tin. 

Anti¬ 

mony. 

(hippie. 

Zinc. 

Bin- 
mut 1). 

Lead, 

Other 

Metals, 

BriUuniiu nitilul (Kng.) 

ii*t 

6 

1 





H U 

SID 

0 

2 


2 



I M 

HO 

7 

:i 





t » 

HSI-.'I 

7 

I’M 



l’H 



K. r i T 

fl-7 

I’M 

S’O 

... 



■ 

76’i» 

H’fi 


... 

HI) 

8T 


.! (Mlltrl) 

fliril 

j 7-s 

IT) 





(t’dMt I 

i fin’d 

Si’2 

0’2 





1 Uuet'u’h lllt'Ud , . I 

HH T 

; 7-1 

«T 

oil 




1 ,, . 1 

hh’ft 


a’fi 

1 

f 



AHliberry nti'tal . . ' 

HU 

t-l 

2 

V’ 


... 

:V 

VS) 

lf» 

\\ 1 

2 



l 

Minofor 

tin f< 

is *2 

Mil 

10 




(lonmvn mnttil 

Hi 

fl 

4 

H 




•* ’ * 

20 

(54 

,S 

(5 





Tho presence of copper in Britannia metal produces a harder 
and less ductile alloy, and lifts nn injurious effect upon the eolnnt 
if present in mure than small quantities. Zinc and iron nUo 
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CHAPTER XII. 
ANTIFRICTION ALLOYS. 


In a porlootly adjusted and lubricated bearing then* is a thin 
layer of nil between tin: journal and tho bearing, ho that tho 
motalH novov come in contact, and tho friction. aH ban been shown 
by Osborne Reynolds, and others, in merely that between a 
solid and a liquid, and depends solely upon tho nature of tho 
lubricant. It follows that tho nature of (ho metal of which tho 
bearing in composed is immaterial; but such perfect adjustment 
is not attained in actual practice, and tho problem presonts 
itself of finding a metal or alloy suflioionfly plastic to mould 
itself to the shape of the shaft, thus automatically rectifying 
imperfections of adjustment, and at tho same time offering a 
minimum of frie.tion. Tho use of lead was first suggested, 
according to Thurston, by Hopkins; hut this metal is too soft 
and easily deformed, ami soon gave [dace to while metal alloys. 
Apparently the manufacture of these alloys was not entirely 
satisfactory, for in 1852 Mr Nozo of the Oompugnio deH Chomins 
do for du Nord stated that they could bo used advantageously 
with small load and medium speed but that for railroad vehicles 
they wore not satisfactory. Since the publication of this state¬ 
ment antifriction metals have been greatly improved, and they 
are now very largely cued. Mr Salomon, the chief engineer of 
tho Ohemins do for de 1 'KhI, him slated that the stal istios on 
that railway have shown a decided advantage in favour of whito 
motul over bronze ; and Mr < 'babul, the assistant engineer of the 
Paris, Lyon, Medit errand© Railway record© that white-metal 
bearings become heated much lew often than breuse, the wear 
also being less. 
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Sinou the introduction of white metal bearing* an immense 
number of ho- on!led antifriction metala base been placed upon the 
market (hoiuo of which are given in the tables on pp. 2b 1-25(1^ 
and it becomcH a matter of importance to determine what, uru tho 
OHHeutial (dutraetermlieH of a good 1'earing metal and to what 
extent theno antifrietion met ala jmsae.’-.u tlnmu <d!iir.iet,eriHtica. 

In 1820 Rennie showed that the friet joU between two bodies 
under jireasure iurretimiH jirnpuri innately t<> the prevairo until a 
oortain point in reunited, when the he* ran fares b>-”iu to rub 
against one another, cnuHing a midden iin'teu*e in tin* eiieUkiionfc 
of fruition and onnnefpieut heating <*f tin* h"dies. Tin' preHsuru 
rotjuired to produce thin midden inerenno in the frietiun i« greater 
with hard metals than with soft, ami, at the sumo time, tho oo- 
elliiuent of friction ia smaller with hard metal. than with soft, mum, 
'flu* lirwl emmlunion we arrive at, then, t« thut i hearing metal 
should he as hard a« poaohle. Rut this eouolmuoti hhkumch a 
perfectly adjusted hearing m wInch emit n' t between the shaft 
and the bearing is perfectly uniform a t*.*it*liti»*n wineh in rarely 
met with, eHjtecially in the ca te of n .shaft *m|*p..rted by a number 
of hearings. If contact only taken jdace at a few points, tho 
result will ho heating and cutimg. The second rcjuirement of 
a good bearing metal, therefore, is that it mu-it ho miiliciently 
plnutio to adapt, itself to any lmj-erfectnue*, of adjustment. A 
combination of them* two rejuirementa, Imrduc ami plasticity, 
oan only lm obtained by having a !*ody mini *uug of email, hard 
particles embedded in a plastic matrix ; ami thn result in trnmt 
easily preduca'd by alloy mg a soft metal, sueh an lead or tin, 
with one or more tuelalu which form definite cmujmumh cupablu 
of crystallising out in the muling mim> Thu, m fart, m llm 
structure of antifriction alloys ; but much d«*p» mb an mil he seen 
presently, on the me and number of the b ud ny nda 

For the sake of convenience, the bearing inriah may be divided 
into fWts group* 

I. Alloys consisting esKoutiaUy of tin, cm,taming «•< lojtmmdH of 
bin and antimony, and tin and ruppet n»e*e f.un a very Surge 
elans, 

U, Alloy a consisting rhseutiiilly of lead, «»r lead and tin, eon- 
n compound of tin and antimony. Tlmae alloy* are 
.1 on account of their km price. 
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I IT. Alloys consisting essentially of a solid solubiou of copper 
and tin (or copper and zinc), and containing compounds of copper 
and tin, copper and phosphorus, oto. 

IY. Alloys consisting essentially of a solid solution of copper 
and tin (sometimes containing /ino, nicked, etc.), and containing 
free load. Those constitute an imporlant class of hearing metals, 
V. Alloys other than those described above. 

Alloys of Group I.—-In all the alloys of tin, copper, ami anti¬ 



mony in which the percentage of tin preponderates, only two 
definite cotnpoundH are formed, va, a eoiupnond of tm and 
antimony, which crystallises in well defined ruben and wlmdt is 
the same compound as that found in the binary a 11ma of tin and 
antimony. Its composition eurreapimds to the f><» mula SuSh, and, 
according to Clmrpy, it is lews hard and lew brittle thou pure 
antimony. Tim other compound i« that found m the binary 
alloys of copper and tin, crystallising in hard need It*, often forming 
stars, and having a composition cnrrett}>o tiding to the formula 
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SnOtij,. Both these compounds emu bo neon on a polished surface 
of Uni alloy, but ('tolling with hydrochloric acid renders thorn 
morn apparent. Photograph ,'th illustrates tlui Hlmoture of a 
typical hearing metal of (his type'. 

Olmrpy has examined twenty alloys of nipper, (in, and antimony, 
and his results on the eompre ;-ive strength of then' alloys, which 
wore carried mil. on test pieces lh nun. in heielii and 10 si], mm. 
sectional area, are ".iven in the follow mg table', and arc also plotted 
in the form of a triangular diagram (tig, bo). 'I‘lu' curved lines 
represent the loads producing a compression of 0-2 millimetre. 


Number 


0om|nwition. 

burn) t'i«nv .Jmtid" 

bund eiumiajiond- 
iitg tu 11 i:um|iriie* 
t-iuii uf 7*6 mm, 

uf 

Alloy, 

Tin. 

(tijiju'r. 

Antimony. 

mg to it ('-•iiipme 

eiiuii uf o'v eum. 

1 

ftO 

60 


r.iuto Willu-llt elr 


2 

80 

Ul 


fulUHtlull, 

VHte bgi. 

Hrukei. 

a 

75 

yj, 


4"'ii t 


4 

88 

If 


t-itf. „ 

*2000 

6 

HH 

lit 


isdl a t 

1660 

6 

76 

H 

i’y 

'.‘ll/.’i ,, 

Mruka 

7 

88 

4 

H 

f i' 14 

2468 

8 

r.n 

26 

2il 

ul.O .. 

Uruke. 

t> 

t’Oi 

17 

17 

*47 Ml ,, 

i» 

lc 

76 

t 

u**t. 

1780 ,, 

,, 

11 

88 

H*6 

■ h 6 

i.'fNl „ j 

*2660 

u; 

88 

(1 j 

& 

I'-O .. | 

*2660 

i:t 

7f, 

17 ! 

I H 

17.*'0 

*2660 

14 

H.1 

il 6 

j 

M;iu ,, 

*2760 

If. 

88 

8 

1 4 

tO-'O : 

•2476 

18 

60 


i 60 ! 

"440 „ | 

thokfl. 

17 

(lit 


;i4 j 

ii'.'O ,, ! 

11 

18 

7 h 


«:■ 1 

b."H j 

4'*.uO 

ID 

88 


17 | 

limn 

*2(160 

*20 

88 


1*2 

(ion ,, 

•2160 


Alleyn 1, 2, 8, 6, 8, 8, and 18 broke at the beginning of the 
ooiupreBHiou, ami Non. 4, 10, 12, and 1H dm - loped internal cracks 
before a mmtpnwtdmi ctf 7*5 mm. wan reached. It follows that all 
theao alloys are too hard, ho that the line M N may he regarded 
an the limit of the useful alloys, and within this limit the alloy 
‘•“oroHouted by No. 14 of the wriea has the greatest compressive 
i. Alloys of approximately this comj«»«itiem are used by 
dlw&y companies for oar bearingM. 0harpy states that 
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the best alloys of this group should probably not differ from this 
composition by more than 3 or 4 per cent. 

The method of casting and the rate of cooling of these alloys 
are of the utmost importance, and this subject has been carefully 
studied by Behrens and Baucke. They have shown that the 
hardness of the matrix of the alloy varies with the rate of cooling. 
In a rapidly cooled bearing this portion of the alloy solidifies with 
a greater percentage of copper and antimony, and its hardness 
may reach 2, tin being 1‘7; while in a slowly cooled sample it 
may be as low as 1'6. 

The size and number of the tin-anlim;-ny crystals also depends 
on the rate of cooling of the mass. In slowly cooled samples the 
crystals measure as much as 0*5 mm., while in chilled samples the 
crystals are small and imperfectly formed and can hardly be 
detected. Both these structures are met with in bearings which 
have become heated in service, whereas the structure of bearings 
which have proved satisfactory in service is intermediate between 
these two, the crystals being well formed and numerous, but not 
exceeding 0'25 mm. 

As regards the proper temperature for casting, Behrens and 
Baucke cast three experimental bearings—one with a red-hot core, 
one with a core cooled by running water, and one with a core at 
100° C. The first of these showed large tin-antimony crystals 
measuring 0 - 5 mm., and tin-copper crystals measuring 0‘2 mm.; 
the second showed the confused structure of a chilled casting; and 
the third showed small tin-antimony crystals measuring 0 - 25 mm. 
The three bearings were then submitted to a practical test in the 
following manner. They were turned so as to fit a polished steel 
mandrel 15 mm. in diameter, which was capable of being rotated 
at a speed of 1600 revolutions per minute. The bearings were 
arranged so that the pressure on the blocks could bo varied, 
and the rise in temperature was determined by means of thermo¬ 
meters fitted into holes in the blocks by soft amalgam. The 
increase in temperature, after running for one minute with 
pressures up to 3 kilograms per sq. cm., was as follows:— 



0 '3 kg. 

0 ‘4 kg. 

0‘6 kg. 

1*2 kg. 

3 kg. 

Red-hot covo . 

. 0-65 

•1-60 

172 

2-62 

4-64 

Cold core 

. 0-60 

0-82 

1*12 

1-60 

3-80 

Core at 100“ 0. 

. 0-64 

0-64 

074 

076 

1*64 
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At the end of the experiment the chilled hearing showed irreg¬ 
ular grooves and Herat chew, and the slowly oooled hearing was also 
badly scratched and grooved. The bearing oast at 100° C. 
showed the tin antimony cubes partly rounded and tho matrix 
surrounding them worn away, giving the impression that they 
might eventually be loosened and removed from thoir places. 
Kvulently this actually occurs, for Behrens anil Baucku submiLtod 
tho oil from the hearings to a mie.roseopieal examination and 
found that it eontaiued small spherical bodies like small drops 
of mercury, whereas the oil from bearings cooled too slowly or 
too quickly contained annular fragments. Ah the result of these 
observations Behrens and Batteke conclude that in a properly cast 
bearing tin* brittle rods of tho tin copper compound art' crushed, 
and, acting as an abrasive, loosen and round the rectangular tin- 
antimony crystals, the result being that the bearing becomes 
practically a hall bearing, wuh a rolling friction taking the place 
of ft sliding friction. In a bearing which has been cooled too 
quickly the absence of the rectangular tin antimony crystals 
prevents the formation of these spherical part teles, and in a slowly 
cooled bearing the large crystals tire broken instead of being 
rounded. 

A study of the causes giving rise to heated bearings 1ms shown 
that, in addition to the obvmus r.umr of lack of proper lubrication, 
excessive heating is usually caused by; (1) defectives crystal¬ 
lisation, duo to tho cooling taking place either too quickly or too 
slowly, usually tho latter; (2) the presence of dross or scum in 
the metal; and (3) segregation of tin* metals, due to improper 
mixing or an attempt to alloy the metals in wrong proportions, 

Alloys of Group II. • liefure dealing with the triple alloys of 
this group it may be well to consider the ,-ample alloys of lead and 
antimony, as they were formerly extensively used as antifriction 
alloys and tlum* properties have been eatvluliy studied by 
Gharpy, 

It will be remembered that lead mid antimony give rise to 
simple alloys without the formation of any ohemical compound. 
The cutectio contains 87 per cent, of lend and 13 per emit, of 
antimony, and on cither side of tho eutectic {mint the alloys con¬ 
sist of & single metal, haul in the one ease and autmmny in the 
other, surrounded by the eutectic. 









ANTIFRICTION ALLOYS. 


247 


Clnu'py has dotorminod the compressive strength of those alloys, 
and his determinations of t,ho loads corresponding to a permanent 
sot of 0*2 mm. and 7 - 5 mm. in the case of pure lead, pure 
antimony, and seven alloys containing from 10 to GO per cent, 
of antimony, are given in the following table :— 


(Imnpotiil.iou nf 
Alley. 

bead convMpuiid- 
ingtoa IVninumiil. 

bond correspond¬ 
ing toa I’twnimmul 

Remarks. 

Hct i.rO'2 nun. 

Not ef 7T< tom. 



Kilograms. 

Kilograms. 


I'ni’0 lead . 

100 

f.Oo 


10% iwiliiiioiiy . 

tlf.O 

1H00 


174.% ,, 

r,;.o 

i ton 


:i0 

7(!0 


broke at UK.O kgs. 

HO 

770 


,, I KK) ,, 

H3 „ . 1 

S0o 


1 IKK) ,, 

r.o 

O.Mt 


1 ,, H7G ,, 

00 

10(50 


1700 ,, 

Pure an Lummy. 



j llt'nUe at, 1 -UK) 




■ wit loiiil.imy ap- 
I preeiilblo l‘"III 




j pri'SIlinll. j 


It will bo noticed that flm compressive strength increases with 
the increase of antimony until the eutectic is reached. On 
passing this point, however, tliero is only n slight increase in the 
compressive strength, duo, ns ('harpy points out, to the fact that, 
the antimony grains are isolated and merely transmit the load to 
the eutectic in which they tint embedded. Hut when the antimony 
grains become hullieiently nniueruus to come in contact with one 
auotlmr they hear a portion of Lite load and the alloy becomes 
brittle, the brittleness inets .\sing as the proportion of the plastic 
eutectic decreases. 

In the alloys composed of lead, tin, and antimony the only 
compound formed is that of tin ami antimony. This compound 
is the same tis that which occurs in the tin copper antimony 
alloys, and it forms solid solutions with antimony. 

The results of compressive tests on ten of these alloys are shown 
in the following table, and tlm curves corresponding to loads of 
500, 750, 1000, ami 1250 kilograms are plotted in tlm triangular 
diagram (tig. GO). Alloys possessing a greater compressive 
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strength than 1250 kilograms worn brittle, and No«. 7, 8, and 9 of 
the aoriou tested wore badly rraeked. 



Ft a, Bfl,- -(‘otiqu'csHivo HlivngtU >4 thr* Alloy?. >4 I.iwl, Tin, and Antimony 


Antinomy lm-renm'H t he hardtwHH ni tlu» alloys, and should not 
excised 1H per cent, if the alloy n him not to bo brittle. 



( lotlipotiltliHI. 


“1 

bojul I'lirri'ijiiindoig 

Nu, of Alloy. 

Iftmd. 

Tin. 

Antinomy. 

1m a • '.>in}<tv-.-.nui 
of (i mm. 

tn a i ‘iimjire-himj 

of 7*0 Klin. 





Kilogram < 

Kilogr.un-. 

1 


ion 


;iun 

1 ii{(0 

a 

20 

80 


riiiii 

1700 

3 

ill 

On 


KM) 

1476 

4 

60 

40 


t'.uu 

1400 

6 

80 

20 


478 

1160 

8 

10 

80 

in 

Him 

27 un 

r 

SO 

an 

20 

zawi 

2'iOU 

8 

40 

40 

20 

Uf.n 

1826 

9 

80 

20 

20 

io. n 

1700 

10 

80 

10 

10 

Hi 'll 

1776 


Charpy states that, the alloys of Imd, tin, and antinumy are 
” to those of load and antimony ; hut, owing to the solubility 
'iinound SiiHh in Urn antimony, the addition of tin 
i luminous and hritfclmiofW of the hard grains and 
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also increases the compressive strength of the eutectic alloy. For 
these reasons the alloys of lead, tin, and antimony are superior to 
those of lead and antimony alone. The tin must be present to 
the extent of more than 10 per cent., but not necessarily more 
than 20 per cent., and the antimony may vary between 10 and 18 
per cent. 

The alloys of this group frequently give results equal if not 
superior to those obtained with genuine Babbitt metal, but 
troubles are occasionally encountered; and in an interesting paper 
read before the American Sooioty of Testing Materials, Lynch 
gives an account of a valuable research carried out in the works 
of the Westinghouse Electric and Manufacturing Company with 
the object of ascertaining the reason of the lack of uniformity in 
results occasionally shown by the lead alloys. 

Mechanical tests, Brinell tests, and a large number of friction 
tests, both in the laboratory and in service, were made without 
throwing any light on the subjoot. Finally, however, it was 
found that a hammer test gave the most reliable indications of 
the behaviour of the alloys in service. A drop-hammer was 
devised, and the tost samplos were prepared by casting the metal 
in a mould giving castings 1^ ins. in diameter and T 6 g- in. thick, 
which were then turned to 1 in. in diameter and £ in. thick. 
The test sample was subjected to ropoatod blows under the drop- 
hammer, measurements of tho thickness being taken at frequent 
intervals. Tho results showed that alloys of the same composition 
might prove either hard and brittle, soft and brittle, soft and 
plastic, or hard and tough according to the temperatures to which 
they had been heated and at which they had been poured. 
The conclusion drawn from the results of a large number of tests 
was that the lead alloys woro far more susceptiblo to the influence 
of pouring temperature than tho tin alloys, and that the range of 
tomperature necessary to give tho best insults was relatively 
small. For the particular alloy tostod a tomperature of 450“ to 
470° was found to give tho host results. 

Alloys of Group III.—Although these alloys are, strictly speak¬ 
ing, not antifriction alloys, they are largely used for bearings 
and other parts of machinery subject to frictional wear. Their 
constitution has alroady boon considered, and it is only necessary 
to repeat that in tho caso of the copper-tin alloys containing more 
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than 9 per cent, of tin fcho hard compound HnOu a separates out; 
while in Um ease or the alloys containing phosphorus, a hard 
oompound l’( Ju 8 separates out. anti iormn a outuotio with the 
SnOu r It is evident that- these alloys possess much the name 
features as the other antifriction alloys, viz. particlca of a hard 
compound embedded in a noftcr matrix:. In the copper-tin alleys, 
however, the matrix in a solid solution of tin in copper and in 
very much harder than the tin and lead alloys, and it I’oUowb that 
the plasticity of (he copper alloys in very interior to that of the 
true antifriction alloys, 

Oharpy gives tin' following: tn'Kult h of compression testa on some 
of the ooppor tin alloys, together with their analyses. A com* 
proHHion of 7*5 mm., as in the tests on the other alloys already 
quoted, wan not practicable on account of the urea tec hardness of 
the alloys*, hut comparative results were obtained by measuring 
the compression produeed by a load of f>nou kilograms. 


No. of 
Alloy, 

(lit. 

Ooinpioitian, 

8u. j l'l». j HI,. 

1*. 

Zn. 

Lead t ome 
’■pending tu a 

1 M|U| 

el 11*2 nun. 

t'einpri'iiMinji 
prodnowl l,y 

a Loitd of 
601)0 kgx. 

1 

8tf.lt, 

tt’OJi 


u V6 

-i te, 

e-U 

Ktk'gntm*. 

ni*;r» 

Mdlinn'tmi, 

«*7 

2 

HS-fgi 

10*315 

o •*.::, 

0*J3 

, U ".C!.S 

I n*4u i 

•.non 

8*1 

,‘i 

8tl 7ft 

1 1 *20 

tm 

(flil 

tm 

V17 

0 

a*a 

4 

8f>70 


0*51 

U'l'i 

0*386 

lust 

Iloetl 

■JPG 

6 

H t '88 

13*41 

O'ilH 

mm 

tejii 

! o ',v.» 

moo 

2*1 

a 

8 4‘fin 

14*80 

o-io 

0*10 

0716 

j OMJ 

Orion 

1*0 

7 

BU’rtt, 

Hl’18 

tutU 

enu 

(Uift 


: Mice 

V4 

—— - 










Alloys of Group IV. Alloys oj copper and t m containing 
relatively large quantities of lead have reeently been largely 
used as antifriction metals, and are fie.pn * 1 11 y known as jifatiir 
brvntM, The lead, which may teach on much as .10 per cent,, 
does not alloy with the copper, hut separates out in the form 
of globules, which might, if the alloy is property mixed and 
oast, to he uniformly distributed throughout the mass of 
the alloy. The constitution of these alloys differs somewhat 
rwm » other antifriction alloys, for, instead of hard particles cm- 
'd ot a soft matrix, we have soft part teles emlwdded in h 
ilv hard matrix, Tim addition of lead increases the 
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plasticity of tlio bronze, as is shown by Oharpy’s compression 
tests given below ■ 




Compimition. 



Load com- 

Cenipx'OSHien 

No. of 







spending io a 
(JemproHsion 

liroduced liy 

Alloy. 







a Lund of 


Oil, 

Hu. 

n. 

HI, 

1*. 

Zn. 

at (C2 mm. 

5000 kgs. 








Kilograms. 

MillimoUvn. 

1 

aa-art 

0 '00 

8 A4 

(CIO 


0-10 

1000 

4-8 

2 

80'85 

2‘2fi 

lO'HO 

2'07 

0*21 

0*00 

1000 

4'8 

a 

84'70 

10'Oft 

4 '00 

0'14 

0*11 

Q'4<) 

2000 

8 '2 

4 

82*80 

8*08 

H 

0*14 

0-80 

0*10 

2700 

2'4 


In addition to the ordinary lend-bnmzes there are the bronzes 
containing phosphorus and those containing nickel. The addition 
of phosphorus introduces the hard compound (!u,,P, and, although 
comparative data, arc lacking, it seems probable that, the presence 
of this constituent has an important influence nn the properties of 
the bronze. 

Photograph lb shows a pluiHphor-bronze containing lead, 
unotohed. The hard compounds SnCtu, and PCu }j can be dis¬ 
tinctly seen standing in relief, lmt most of the load has been 
torn out in the process of polishing, leaving pits which appear as 
black dots in the photograph. 

The addition of a small quantity of nickel is said to enable 
a larger amount of lend to ho addl'd to the bronze without 
causing segregation. These bronzes are now largely used in 
America, and contain as much as .‘U) per cent, of lead and 1 per 
eont. of nickel. The part, played by (he nickel has not been 
fully explained. 

In addition to the alloys already dealt with, there are certain 
alloys of zinc, tin, and antimony, which are used for special 
purposes, and also alloys of lead, copper, and antimony, which 
are occasionally employed as antifriction metals. The alloys of 
zinc, tin, and antimony possess a high compressive strength, as 
shown by (harpy's figures given in the table (p. 252), and they are 
employed for bearings of machinery, such m rook-breakers, 
where strength is of more importance than perfect antifrietional 
qualities. 
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No. of 


Omnjmsil ion. 

I/o;nl i , orti"i|i mil- 

imiul anmiHjinmi- 

Alloy. 

Zinc, 

Antimony. 

Tin. 

. 

ill;; tea (2itujn >-m 
itiuii of 0’2 mm. 

iog to a 
tiiou of 7-6 mm. 





Kiluj.i.inri, 

KiWimms, 

1 

too 



too 

4200 

2 

lie 

iu 


24 On 

Hroko at 6000 

3 

an 

•Ml 


HuiM 

,, 4000 

4 

7e 

ISO 


4100 

,, 4700 

fi 

Du 

f. 


110.1 

8950 

(1 

8(t 

10 

10 

into 

4100 

7 

70 

10 

16 

1 Hi Ut 

6200 

H 

HO 

fl 

It | 

I Ifll 

nt.'io 

»i 

70 

" 

:: 1 

lr;, 

JifilU) 

10 

<K> 

10 

tie i 

liilo 

8:iMi 

11 

tm 


U« 

7f,o 

8060 

12 

8n 

... 

2U 

Him 

272fi 

IS 

70 


no i 

Hfitt 

2iiOt) 

14 

60 

... 

40 

[i/r. 

2176 


%ino and tin do not uni to t«. form definite' rumpnundH, but 
ifiim*. and antimutt)' combine to furm n Itavd oom|ntimd, which 
(llinrpy doKoribew hh tut nutimuuiiie uf /me. 

Tito UHoftil alloyn am t.hoHc rich m zinc, in w Inch the hard 
compound i« (.lot iirat to aelidih, 

'[’ho alloy h ttf load, copper, and ant imutiy have* olmruetorintictt 
Hindlar to the other untifrietion alluv k. The cupper unitea with 
tint antimony to form the lmrd vmlei euloured compound Hb(!ii a , 
part of which eryHtalliHes itt needier ami t ho ronmindor on torn 
into the* oompomtiun of the otifocl ic. Tim alloya mIiouM oontnin 
from 16 to 26 por cent, of antimony and not more than 10 pur 
oont. of cop por. Tim nwdtn of Home onmpremdvo teat a on tluwn 
alloya aro given by way of eumpuhaoh fp. 266). 

Alloys of aluminium have front time to time boon suggested 
for u»o m bearing metala, and it. i« said that, tlm Northern Railway 
of Frano© Uftcm an alloy of 92 per oont., aluminium and H por cont. 
copper for carriage and waggon bearinga with excellent rcBtilta, 
Hughon, however, atntos that, experiment n with thin alloy carried 
out on the Laneuahire and Yorkshire Railway have not proved 
Hatinfantory, the nmtfd proving haul and brittle, and eonsidomble 
labour being involved in properly bedding the bearinga to tho 
jourtialfl. 
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No. of 


Composition, 

Load correspond¬ 
ing to a Compres¬ 
sion of 0 ’2 xnm. 

Load correspond¬ 
ing to a Compres¬ 
sion of 7 -6 mm. 

Alloy. 

Lead. 

Copper. 

Antimony. 

1 

00'6 


33-4 

Kilograms. 

750 

Kilograms. 

1250 

2 

00 -o 

12-9 

20'6 

1120 

1325 

3 

00-6 

23-2 

10-2 

350 

850 

4 

80 

7-76 

12-26 

730 

1525 

5 

80 

13-9 

0-1 

200 

800 

C 

80 

... 

20 

640 

1400 

7 

90 

3-8 

0'2 

440 

1325 

8 

90 

(3-9 

8-1 

190 

800 

9 

90 


10 

040 

1400 

10 

100 


... 

80 | 

650 


Aluminium to the extent of 5 per cent, is sometimes added to 
the zinc alloys and adds considerably to their hardness. 

As regards the relative merits of white-metal and bronze 
bearings it is frequently stated that white metal is superior, and 
some writers have brought forward experimental evidence to 
prove their statements. 

Charpy says that bronzes appear to be inferior to white metals 
on account of their lack or plasticity and their tendency to 
cutting; and in connection with railway axle bearings the same 
opinion has been expressed, as already mentioned, by Mr Salomon 
and Mr Chabal. On tho other hand, Mr Clamer states that 
railway engineers only recognise two alloys as standard, viz. 
phosphor-bronze containing lead, and ordinary bronze containing 
load. General comparisons are always dangerous and frequently 
misleading, and tho truth of tho matter would seem to he that 
white metals and bronzes each have thoir particular uses for 
which they arc host adapted. In cases wlioro accuracy of 
adjustment is impossible, as in the case of a long shaft requiring 
several hearings, or where variable forces come into play with a 
tendency to irregular wear, as in the case of railway boarings, 
the plasticity of whito metal is an invaluable property. On the 
other hand, where accuracy of adjustment is possible and the 
rotary motion regular, plasticity is of secondary importance, and 
bronzes give results in practice which leave nothing to be desired. 



Au,oyh ok Tin, Comm, and Antimony. 


Tin. 

CompuHi 

(loppnr. 

mm. 

Antimony. 

Rrf.TiMu'.OH and lionuirkH. 

ltd 

•1 

8 

Thur.Mt.uu. Ordinal y heuringH. 

!10 

2 

H 

Thur.iti'ii, Rutc.iiiu vnih(iadn fovcar boariugB. 

HH'N 

3*7 

7*4 

Thuratun, KiirumrM’li metal. 

87 

0 

7 

Hiurim. Fur heavily hmilml bearinga. 

81. 

0 

10 

t.edolmr. .huiutiy metal. Admiralty lining 
■ metal. 

85 

7*6 

7 5 

Herman Navy. 

8.T88 

5*55 

11*11 

11,‘.ml f..r far Tiearingn on Frcnoh milrnatla. 

Hli 

8 

0 

Admivally fur heavy luad. 

88 

r, 

11 

l.etlelmr. Htieii hy Berlin rail rendu. 

82 

4 

u 

Mill,nr lieal inya, U U)cn;>liire ami Yorkshire 

82 

(1 

12 

Railway filedtieal fulling dork, 

L.alelmr. Um'iI lty OrlemiH ami the Wtwlnrn 

82 

8 

ID 

AdmIi inii nulmuh. 

Bearings lm* vulva roda ami orreitlrir. ooIIuvh, 

8U 

tu 

HI 

Thuinluii, Unt'il Uy Swine rnilrnnibi. Alan 

78'5 

10 

u •& 

IiiUfU'ilni euml Y< ill; eh ire Railway fnrlooo, 
I'uitl'lilig inti loinhf’i, rniasheailH, cite. 
Tluii»t"ii Uried hy Rmtiiian railroads. 

78 

10 

i2 ; 

Daimler Un. Inning uf hearingH tif r.rauk- 

71 

B 

i 

24 | 

ultafln aiul runnerl iiig-roibi of iitufur huara. 
Thmati'U nlttinlard white mutal, liked fur 

07 

22 

11 

jiaekiug uf valves and r'lieentvm tvillarii. 
Thuifituii, Uaed hy Ureat Wtwtern Railway. 

07 

11 


tfwwl hy French at ate railroads. 

----- 

Au.uyh uk I jKau, T’in, and Antimony. 


Uimitiniiitiuiu 


Lead, 

Tin. 

Antimmiy. 

Ritfereuees and Remarka, 

80 

12 

B 

lifted hy Hasten) railroad (Fiance) fur metallic 

77*7 

5 ft 

US *8 

jmektngs. 

hhmted hy Thurston »« heitig the cnM»|t«iwition of 

78 

14 

10 

Magnolia ami Tandem im ialit. 

Used fur metallic jwkuign hy the OrteuUH and 

78 

12 

16 

1‘ari« h. M. railroad#. 

tided hy Northern I'm. (France) fir metal lie. 

78*6 

8 

IK *5 

jmeking of judon roda. 

Oamnbtdl. Amcriean taslwaya 

70 

•20 

Hi 

Metallic }mcking» of eecnttne collars. French 

70 

15 

16 

state milmmlx. 

IrfUtoashire amt Yfirkalure Railway catiiage ami 


15 

17 

waggon hearings 

" tlranldte" HicUl analysed hy Dudley. 



11 

(htmitMl, Ameiiiati t.-ulways. 


| «H) 

20 

12 

lauUhnr. Railroad tvrai mgs 

Hiuriift. tlnylea metal 

1 42 

42 

16 

Ledehnr. Journal boxes Fienrh stale radmailH, 

87 

1 88 

26 

ThumUm Italian railroad eumjianiew. 
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Alloys op Copper and Tin containing Zinc, Phosphorus, etc. 



Composition. 


References and Remarks. 

Copper. 

Tin. 

Zinc. 

P. 

As. 

86 

14 




Thurston. Locomotive bearings. 

Lcdehur. Car bearings of “Compaguio du 
Word.” 

82 

18 




84 

14 

2 


... 

Used by Fronch state railroads for pieces sub¬ 
jected to alternating friction. 

82 

16 

2 



Used by French state railroads for pieces sub¬ 
jected to circular friction. 

80 

18 

2 



Thurston. Lafoml alloy. 

68 

28 

14 



Thurston. M argrulf alloy. 

60 

28 

16 



Thurston. Fenton alloy. 

81) 

10 



6*8 

.1) udloy. Arsonic-hronzo. 

Oliarpy. Phosphor-bronze. 

857 

12'2 


0*4 


84*8 

13'4 


0*46 


Oliarpy. Phosphor-bronze. 

88*7 

9*5 


07 


Law. Phosphor-bronzo. 

87*0 

10*8 


1*0 


Law. Pliospl i or-bronze. 


Buon/ich containing Lead. 


Composition. 


Copper. 

Tin. 

Load. 

P. 

As. 

Ni. 

797 

10 

9*6 

0*8 



77 

8 

16 




84*6 

10 

6 

0*6 



88*3 

0*6 

8*4 




80*6 

2 2 

10*8 

6*2 



80 

6 

16 




82*8 

8*9 

7*2 

0*4 



76*4 

9*7 

14 6 


... 


78*5 

9*2 

15*0 




76*4 

10*0 

12*6 




81*2 

10*9 

7*2 

6*4 



79*2 

10'2 

9*6 

0*0 



76*8 

8 

16 

0*2 



82*2 

10*0 

7*0 


0*8 


797 

10*0 

0*6 


0*8 


64 

5 

30 



T 


References and Remarks. 


Dudley’s “standard ” phosphor-bronze. 
Dndloy’s “alloy B.” 

Slide valves, Lancasbire and Yorkshire Rail¬ 
way. 

Oliarpy. 

Oliarpy. 

Ordinary axle-hox bearings, Lancashire and 
Yorkshire Railway. 

Oliarpy. 

Carbon-bronze analysed by Dudley. 

Uraney bronze ,, ,, 

Lamar bronze ,, ,, 

Ajax bronze ,, 

I’liospbor-broozi' ,, ,, 

B. metal. Oar bearings of the Pennsylvania 
railroad. 

Dudley. Arsenic-bronze B. 


»» n 

Plastic, bronze used on many railways for 
heavy bearings. 



















256 


ALLOYS 


MlHCWIiIiANKOUK Ai.i.oyh, 



(loiIIjlOHiUoll. 







■- 


Hi'fon’U<'i'» mul limuarlcs. 

Ou. 

Sn. 

Hi. 

Zn. 

Mli. 

K«. 


6 



Hf. 

10 


Li'di'lnn*. 

70*2 

4-2 

14*7 

10'2 

.,.,0*5 

Hamoliu nmUl fiim.lv .■-«! by Duillny, 

4*0 

9*0 

1*1 

Hfi'5 


H>d K o ,, „ ' 

09*4 

2‘4 

6*1 

U-. 

... 1 o*l 

Ill'll ii ,. ,, n 

r.H> 

2‘1 

0*8 

OH *4 


0*1 

'!'**! ii it lirmt.'ii ,, n 

Bti'7 

(Ml 


42*6 


o*7 

llnn*iuKt'"U ltiiiii7.o ,, ,, 

6 

14 


80 



Kmi(.uii alloy. 

6’5 

17 'ft 


77 



Liulolitir. 

5 

06 


;u> 



(lamjilii'U. l’ar<u)UH wluti' hvann, 

1-4 

70 


*.:*.)■» 



Admiralty motal fur work uiulm* waltir. 

6 

10 


Hfi 



(Hnijilii’H. 

8 

H 

70 


15 


j U,-.',l on MHVriftl ifulw.tyo. TUumii alloyo 

8 

11*5 

72 


18t. 


1 am lmtiicf Ilian 11m -.impla Imtl alloys 
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CHAPTER XIIL 


ALUMINIUM ALLOYS. 

With tho introduction of electrical methods of reducing aluminium, 
and tho consequent production of the metal in quantities anil at 
a price BulUoiontly low to living it within the Kjihorc of practical 
utility, attention was directed to the alloys of aluminium with the 
object of (hiding light, alloys which would he stronger and more 
easily worked than the pure metal. Those attempts, however, 
have not mot with very marked success, and few of the light, 
aluminium alloys have proved of any industrial value. Tim 
reason of this is to be found in the fuel, that aluminium unites 
with most of the common metals to form definite chemical com¬ 
pounds which crystallise out in a matrix of practically pure 
aluminium, and we know that alloys with conglomerate structures 
of this description are only useful in special oases. Such com¬ 
pounds arc formed with iron, copper, nickel, antimony, manganese, 
and tin. Zinc, on the other hand, forms solid solutions with 
aluminium, and the alloys of these metals, either alone or more 
often with small additions of other metals such as copper or 
magnesium, are practically the only ones of industrial importance. 

Alloys of Aluminium and Zinc. The constitution of these 
alloys has been studied by I ley cock and Neville, Shepherd, and 
more recently by Ucscnhaiu and Are.hhutt, whose equilibrium 
diagram for the complete series of alloys is reproduced in tig. f>7. 
Tho microscopical examination of the alloys eoulirms the evidence 
of tho equilibrium diagram that, at one end of the series the alloys 
containing loss than 40 par cent, of id no are single homogeneous 
solid solutions, and they are therefore the only ones of practical 
importance. Those containing up to 16 per cent, of ssino are soft 
267 17 
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percentage of zinc, togother with small quantities of tin and 
copper. It is lighter than Ziskon, having a specific gravity of 
2 , 95, but has a tonsilo strength less than half that of Ziskon, 



viz. f> tons per sq. in. Perfect sc,row threads can lie cut on 
the alloy, and it is used in parts of instruments where a certain 
amount of ductility rather than strength is desirable. 

The mechanical properties of the pure aluminium-zinc alloys 
have boon investigated at some length hy liosenhain and Arohbult, 



Km. CD. Tiaiwilo Testa mi (Mull ('iuttmg». 


and the results of their tensile tests are given in the accompanying 
curves. Fig. 68 gives the results of tensile tests on sand castings, 
and (Ig. 69 the corresponding tests on chdl castings. Fig. 70 
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bIiown the curves representing tests on Hot rolled bars 1-J- ins. j r 
diameter of the alloys containing up to lid per until., of '//mo, anc 
fig. 7 l tho results of tests on cold drawn bars ] f, ins. in diameter. 

With more than 25 per cent, of zinc, the alloys are extremely 
hard and dillioult to roll. It is, however, in the form of easting 
that these alloys art: principally employed, and the motor industry 



fwoounts for a large proportion of the total output-. For this 
purpose the percentage of zinc seldom exceeds 20 per cent., and by 
far the largest quantity of eastings made contain about 10 per 
cent of ssino. A small quantity 2 or 5 per emit, of eoppor is 
usually added, us it improves the working qualities of the metal, 
A common mixture for gear oases, etc., of motors contains upproxi* 

.*<dy 88 per cent, of aluminium, 10 per cent, of zinc, and 2 per 

r ' f copper, and has a trundle strength of 8 to 10 tone per 
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The alloys of aluminium and zinc exhibit the phenomenon, 
common to most of the aluminium alloys, of ageing. Although 
much loss marked than in many of the alloys, it is, however, 
noticeable that whereas a fresh casting is difficult to machine 
owing to tlm metal “dragging,” the same easting after tho lapse 
of a few weeks can bo machined as easily as brass. Tho change 



appears to bo accompanied by a slight increase in tho tensile 
strength of the metal, hut there is no tendency towards disintegra¬ 
tion as shown by many of the alloys of aluminium with other 
metals. 

Magiialram. 1 Alleys of aluminium and magnesium wore 
prepared by Wohler as long ago as 1866, and by Parkinson in 
1867. The latter observes that “ none of the magnesium- 
aluminium alloys promise any practical service in tho arts.” 

1 I’uti'ntt'd I*98, No. 24,878. 
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X is intended solely for castings where strength is of primary 
importance; Y is used for ordinary castings; and Z is intended 
for rolling and drawing. 

As regards alloy X it has been stated by Barnett that it 
contains 1*76 per cent, copper, 1 ‘16 per cent, nickel, 1'60 per 
cent, magnesium, and small quantities of antimony and iron. 
Photographs 36 and 37 show the microstructure of this alloy. 

Alloy Y is somewhat similar in composition, except that it 
contains no nickel, but small quantities of tin and lead. 

Alloy Z contains 3 - 15 per cent, of tin, 021 per cent, of copper, 
0*72 per cent, of lead, and l - 58 per cent of magnesium. 

The tensile strength of ordinary castings with alloy Y varies 
from 8| to 10 tons per sq. in., and that of rolled samples of alloy 
Z varies from 14 to 21 tons per sq. in. 

The alloys work well, and excellent screw-threads can be cut. 
The speed of working is about the same as that of brass, and the 
tools should be lubricated with turpentine, vaseline, or petroleum. 
Alloy Z is exceedingly ductile, and can be spun and drawn into 
the finest wires. For these operations vaseline or a mixture of 
1 part stearine and 4 parts turpentine has been found suitable. 
In drawing tubes or wire the alloy must be annealed by heating 
and cooling suddenly. Slow cooling produces hardening. 

For rolling, magnalium should be heated to a temperature 
of 350°, and the temperature of the rolls kept at about 100°. 
Annealing should take place after every second pass. 

With reference to the influence of heat treatment on these alloys 
it is of some interest to note that although quenching has the 
effect of softening them, the softening is not permanent. It is 
followed by a gradual hardening which may continue for several 
hours before the maximum hardness is reached. 

With regard to the casting of alloys X and Y, the metal 
should be melted at as low a temperature as possible (about 
660") under a layer of charcoal, and the scum carefully removed 
before pouring. In making the mould the sand should not be 
rammed so closely as for brass castings, and it is recommended 
to mix the sand with a tenth part of meal in order to allow free 
escape of gases. The facing of the mould should be treated with 
blacklead, French chalk, or petroleum and lycopodium powder. 
Metal moulds are also suitable, if polished with blacklead. 
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analysis to contain aluminium 88*48, coppor 7*36, sdne I'G'i 
silicon 1*14, and iron 1*31 per oont. 



Flo. 70.—Tumult) Tents on Hand Castings, slowly cooled from 460* 0, 

Aluminium and Nickel. - ■ Nickel is sometimes added to 
aluminium as a hardening .agent in place of copper. It is 
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working, duralumin may also bo hardened by boat treatment. 
If the alloy is boated to a tomporaturo botwo.cn 410° and 500° and 
quenched it romains soft, bub subsequently hardens, as already 
mentioned in the case oE the aluminium-magnesium alloys. The 
maximum hardness is reached after the lapse of about forty-eight 
hours. By this means the alloy has been obtained with a tensile 
strength of nearly 40 tons per sip in. 

The hardness obtained by heat treatment, however, is to some 
extent removed at comparatively low temperatures, and this must 
be taken into aooount in the practical applications of the alloy. 
For examplo, Lantsborry states that a sample of sheet which broke 
at 29‘4 tons per sq. in. was boiled in water for four hours and was 
then observed to break under a load of 26‘1 tons. After annealing 
for half an hour at 260" this was further reduced to 22d) tons, 

From what has boon said of the agoing, or slow change, taking 
place in aluminium alloys it is evident that this property is 
intimately connected with the aluminium itself, the motal with 
which it is alloyed merely serving to retard or accentuate the. 
change. For example, the alloys of aluminium with iron, nickel, 
cobalt, manganese, etc., in which these metals are present in 
relatively high percentages usually from 25 to 50 per emit.— 
will, in the course of time, disintegrate and fall to pieces without 
the application of any external force. It is probably the same 
change which causes tho hardening already noticed in the 
industrial alloys. 

The author has suggested that this alteration in properties is 
probably due to an allotrnpio change in the aluminium induced 
by tho presence of impurities, and there appears to bo some 
ground for this belief. Cooling curves of aluminium to which 
small quantities of metallic impurities have been added show a 
decided evolution of heat towards the end of solid ideation which is 
not duo to the solidification of a eutectic, is not proportional to 
the amount of impurity added, :md occurs at a constant tempera¬ 
ture. Moreover, Tumor and Murray have shown that, aluminium 
expands on solidification, a property which, although not necessarily 
proving an allotropie change, at least indicates a molecular 
rearrangement. Whether it will ever he possible completely to 
control these changes remains to be seen, but the introduction of 
such alloys as duralumin appears to be a step in the right direction. 
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SILVEE AND GOLD ALLOYS. 

Silver Alleyn. 

Tut; alloys of Hiivor with copper may alone bo Haid to have any 
imporlunt industrial applications, From time to Lime many 
other Hiivor alloyn have boon suggested; but* mum of t hem have 
taken the place of the well-known silver copper alloys. 'Hut 
importance of tlmHO alloys may be realised when it m remembered 
that the average weight of Ktarulanl ailver art idea, hall marked 
at the Assay Ollieea of Birmingham, Slu'llield, ami Uh ester alone, 
during the hint live yeara amounts to (1,037,214 oz,, or nearly 
225 tons; and it has been estimated that the amount of standard 
Hiivor molted annually in the United Kingdom is clone on 700 
tons. 

The constitution of the silver-copper alloys has been thoroughly 
investigated by Uoborts-Austen and I ley rook and Neville, and 
the results of their researches are plotted in the freezing-point 
curve shown in fig. 7<4.* It will be soon that the metals form a 
simple series of alloys with a eutectic containing 71 *U per cent, 
of silver and melting at 77H". This iH the alloy which Loved in 
1854 considered to he a definite compound on account of its 
remarkable homogeneity. 

The alloys of industrial importance an' few in number, and 
contain not loss than HO per e.cut, of silver. Tim following table 
shows the composition of the silver standards used for coin and 
for plate in dill event countries 

* The extent of this linn rnpnwnting the eutectic law not been Hcoumtety 
delormimul, but itahould be much lunger than that ah own in the diagram, 
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SI L VICK AND HOLD 

It will bo soon that; an alloy con¬ 
taining 90 per cent, or 900 parts of 
silver per thousand is most generally 
adopted, while (he British standard 
contains 92'5 per cent, or 9115 parts 
per thotisaud. It should be inentionod 
that tho composition of silver and gold 
alloys is seldom expressed in per 
ecntagOH, but in parts per thousand. 
Tims an alloy of “925 line’* signifies 
an alloy containing 925 parts of fine 
or pure silver por thousand. 

Sterling silver was first defined by 
a statute of I<ldward 1., and must 
contain 11 ox. 2 dwt. of fine stiver 
and 18 dwt. of copper to the pound. 
The word “sterling” was apparently 
derived from tho KasterlingH, or work¬ 
men who came from (Jernmny, and who 
wero the first to make and work the 
alloy in this country. Stow says in 
his Purvey of Lond»n t published in 
1009: “ Hut the money of England 
was oallod of the workers thereof, 
and so the Easterling pence took their 
name of tho Easterlings, which did 
first make this money in England in 
the reign of Henry II., and thus 1 set 
it down according to my reading in 
Antiquit,io of money mat-tors, omitting 
the imaginations of late writers, of 
whom some have said Easterling 
money to take that name of a nt»u re 
stamped on the bonier or ring of the 
pome: other some, of a bird called 
a stare or starling stamped on the 
circumference, and others (more un¬ 
likely) of being coined at Stimuli it or 
Starling, a towne in Scotland,'’ 
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Tho history of i ho coinage standard has been well described by 
Huberts-Austen, and wo cannot. do bettor than quote his own 
words — 

“Anglo-Saxon and Anglo-Norman coins aro believed to have 
boon of tho ‘ old standard ’ 925, and a coin of William the 
Conqueror which 1 assayed proved to bo 922*8. In Knglund 
thin old standard appears to have remained unchanged until the 
thirty fourth year of King Henry VI11., when a great fall took place. 
A «till deeper fall in the standard fineness ensued in 1 545, and 
again in 1540, and in the reign of Kdvsard VI. It fell to ittt 
lowest point in tlm fourth year id the latter monarch, when tho 
pound of silver contained only 3 oz. of hue .silver and 9 oz. 
of base metal, that in, the standard, expressed deeimally, was 
only 250. Strangely enough, thin bane coinage was projected with 
a view to Keouro by the transaction the mini of i*d(10,000, to ho 
devoted to the restoration of the standard generally. Half this 
sum appears to have been actually obtained. As a step to tho 
withdrawal of the bane money, it wan almost universally decried, 
that is, the coin which had been current at re tea far above its 
intrinsic value, was oflicially reduced to a value nearly correspond 
ing with its standard of fineness, Dreadful distress was caused 
to the people, and the saddest pictures are drawn of tho financial 
condition of Kngland at tho lime. In I*552 tlie standard was 
restored to nearly its original richness, on emus containing 11 oz. 
1 dwt, of pure metal and 19 dwt. of base metal, or standard 921, 
were issued, ami this alloy was umiuluiued by Queen Mary, Queen 
Klimlmth further contributed to the rest oral ion and maiutennneo of 
tho standard finomwH of tho coin. A proclamation, dated September 
27, 1500, slated that 1 her Majesty, wlm, since alio nunc to tho 
throne, never gained anything by tho coinage, nor yet, ever coined 
any manner of base monies, for this realm, had begun a coinage of 
fine money in the Tower of Imndun.' Notwiibelauding tho 
Queen’s efforts to restore the coinage in Kttghmd, tho cuius 
circulated in Ireland wore deplorably low, as tin* pound only 
odntained $ oss, 18 dwt. of fine silver, and 9 oz. 2 dwt. of 
copper (that is, tho standard was only 241). 

“Tho restoration of tho standard of the stiver begun in the 

; gn of King ICdward VI, was, however, completed by Queen 

mbeth, and it has not been since debased.” 
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The standard for plate was raised in lOiKi to 11 ost. 10 dwt., 
or Offfi lino, in order to prevent tho molting of coins for conversion 
into plate; lnil. tho alloy proved less durable and serviceable than 
tho old standard, to which a return was made in 1097. Loth 
those standards are in existence, at, the present time, hut tho 
puror alloy, which is known an Britannia standard from the hall¬ 
mark representing tho “ figure of a woman commonly called 
Britannia,” is seldom used except for very line work and complicated 
designs, where its greater softness is an advantage. 

Tho assaying and hall marking of standard silver is carried 
out at authorised “ Assay Ollices" in Loudon, Birmingham, 
Sheffield, Chester, Edinburgh, Glasgow, and Dublin, and the 
marks usually found on silver are a Lion lWant. indicating the 
standard of 925, the initials of the maker, the year of assay ivpre 
stmted by ft letter, and the heraldic, arms of the place nf assay. 
Tho heraldic anus of the dillerent Assay Offices are as follows: — 

Loudon the head of a leopard. 

Birmingham—an anohor. 

Sheffield a erown. 

‘ Chester- a sword between three mrlis. 

Edinburgh a castle, and the standard represented by a thistle. 

Clasgow a tree growing out of a mount, with a hell pendant 
on the sinister branch, and a hi* 1 on the top hmuoli, over the 
trunk of a tree a salmon in fosse, and in its mouth an annulet. 
Tim standard is also represented by a thi ale. 

Dublin—tho standard 928, and place represented by a harp 
crowned, 

Standard silver is harder than the pure metal, hut is sufficiently 
mulleable and ductile to he rolled into thin sheets and drawn 
into tine wire. At the same time it- is perfectly white, ami takes 
a line polish. These properties make it admirably suited to the 
purposes of eoiiiagf, Unlike iimat of the luallrablf all,,ys, lmw 
over, it is not. a homogeneous solid solution, and tin-, is perhaps 
its greatest drawback, ns it, is piaetieally impo ahle to ohi.ain an 
ingot of uniform eompoution owing to lnpuuiuu. This has been 
a very serious difficulty in the production of the Standard Trial 
Plates against which the coinage of the country is ultimately 
tested. As far hack as 17H1 dars suggested the use of hot 
moulds for this purpose, and in 1H73 Roberts Austen obtained a 
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fairly uniform mass by extremely slow cooling. Matthoy, in 
1894, adopted the method of casting the alloy in the form of 
thin sheets, and attempts have also been made to cast the alloy 
at a temperature very slightly above its melting-point. Number¬ 
less experiments have been made from time to time, but 
none of them have proved entirely satisfactory; and the method 
finally adopted has been to cast an ingot considerably larger than 
required, which is rolled to the proper thickness and a number 
of assays made from different parts of the plate. A piece is 
then cut out of the plate where the assays are practically uniform 
and of the correct standard. A lack of uniformity is found in 
all standard silver, although it is, of course, not of so much im¬ 
portance as in a trial plate. For example, a five-shilling piece, 
whose diameter is almost the width of the fillet from which it is 
cut, is richer in the centre than at the edges; while with smaller 
coins, such as a shilling, where two coins are cut in the width of 
a fillet, the edge corresponding to the centre of the fillet is rioher 
in silver than the other edge which corresponds to the outside of 
the fillet. In the case of the strips sold for silversmith’s work it 
has been stated that the average difference between the outside 
and centre varies from ‘8 to 1 part per thousand; and whore the 
alloy is to be hall-marked the manufacturers usually add a small 
quantity of silver to compensate for any irregularity in composi¬ 
tion. The result of this is that at the annual examination at 
the Royal Mint of duplicate samples submitted by the Assay 
Offices and known as the “ Diets,” the mean assays show results 
varying from 4 to 8 parts per thousand above standard. 

Standard silver is melted in plumbago crucibles, which are 
nearly always heated in coke furnaces. The crucibles vary in size, 
but those used at the Mint hold about 4000 ounces of metal. 
They will stand a large number of meltings, and are finally broken 
up and sold to the smelters. Experiments conducted at the 
Mint have shown that the average temperature of pouring is 
about 980 , and the temperature the silver “ blanks ” are annealed 
at ib about 640°. If insufficiently annealed, or annealod at too 
high a temperature, the metal is liable to crack with mechanical 
treatment. 

addition to standard silver, a small quantity of alloy 900 

^hich is not hall-marked, is uBed in Birmingham for 
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jewellory; and it is staled that alloys as low as (500 fine are em¬ 
ployed, hut the quantity used must ho very small. 

In America sterling silver is manufactured on a large scale hy 
mills making a speciality of rolling this alloy. The method of 
manufacture differs in some respects from that, operating in this 
country. The alloy is molted in furnaces fired hy oil, which has 
the advantage of being free from sulphur and producing no ash 
from which, in the event of accidents, the silver requires to ho 
separated. Thu furnaces con sis t. of a east-non shell lined with 
firebrick, with a hole at the bottom through which the jot enters 
at a tangent, so that the flame does not impinge directly upon 
the crucible. The crucibles used are of graphite and hold about 
1200 ounces, half of this being made up of fine silver and shot 
copper in tins calculated proportions, mid the other half consist ing 
of scrap. Under ordinary condition* the time required to melt this 
quantity is about forty minnles. before pouring, the metal is 
deoxidised by adding metallic cadmium equal to 0*f> per cent, of 
the weight of the alloy, which is pushed down under tin* metal 
with tongs to prevent, it rising to the surface and burning. 

The ingot moulds are of the ordinary pattern, consisting of two 
parts held together hy a ring and wedge, and take an ingot 12 ins. 
long hy 10 ins. wide mid J| in. thick. After casting, the ingot 
is cooled in water and the top end is sheared off. It ii now 
trimmed and planed to remove surface defects before rolling. 

The rolling takes place in three stage's. First, the plate is 
passed through the breaking-down rolls, in which it receives as 
heavy a pinch as possible and its thieknesK is reduced to § in. 
The plate is then annealed in a nmlllo furnace (also oil-tired) and 
plunged, while still hot, into a pickling hath containing 1 part 
of sulphuric acid t.u 1(1 parts of water, after which it is dried and 
examined for surface defects, which arc removed with a hummer 
and chisel. After Htranditening, the plate is then j»uwed through 
the running-down rolls untd it* thickm-ss is reduced to No. 10 
B. and S. gauge, when it requires a second annealing and pudding. 
The sheet, which is now 10 or 12 ft. in length, is again examined for 
surface defects, and is then passed to the finishing rolls; on leaving 
the roll# it is again annealed, piekled, and dried in sawdust. 

Standard silver can he readily soldered, and the alloys u#td foi 
the purpose are of some importance. They consist of silver and 
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sheet of iron outHide that. Tho wholo was tightly bound to¬ 
gether with iron wire, and tho edges brushed with a solution of 
borax to proyont oxidation in tho aubsoquont boating. The 
ingot was noxt very earn fully heated in a rovorboratory furnace 
until tho silver began to fuse and was soon to flow at the edges. 
It was thou quickly removed from tho furnace, gradually cooled, 
and when cold cleaned in an acid solution, after which it was 
scoured with sand and water and rolled out to tho desired thick¬ 
ness. For tho purposes of manufacture it was cut up and 
hammered into tho required shape by skilled workmen, or 
stamped in dios, tho edges and parts being soldered togothor at 
a modorato boat, and finally burnished by hand. In the early 
days of silvor-plaliiig the manufacture of buttons and bucklos 
was an immense industry, and Bolsover at once established a 
factory in Baker’s Hill for tho production of these and other 
small articles, such as snuff-boxes, etc, lie experienced groat 
difficulty in regard to labour, and at first he, and others who 
followed him, had to accept the services of itinerant tinkers and 
such workmen as they could induce to come from London and 
other places- men who Hpmlily realised their importance and 
oxactod their own ter ins.” 

“For the first fifty years the copper was plated with silver 
upon ono side only, but Bolsover’s apprentice, Joseph Hanoock, 
improved upon tho process and plated both sides, at tho same 
time extending its application to largo articles, such as tankards, 
coffee- pots, etc. Tin was at first applied to hide the raw edges 
of the copper, or brass, but in 17B4 George Oadman, in partner¬ 
ship with Samuel Roberts, substituted' solid silver edges and 
mounts, thus not only hiding an obvious disfigurement, but also 
protecting the parts most exposed to wear. The earliest 
forms of Sheffield Plate are generally plain arid simple in design, 
but later tho designs were pierced like the silver-piorcod work 
of about tho middle of the eiHiieenfh century. As a general 
rule, Sheffield Plato simply reproduced tho patterns of solid silver 
in use at tho time.” 

Another process known ns “ Glose-plafing” was carried on 
simultaneously with Sheffield plating, and was used for tho 
plating of steel articles, such as fruit-knives and candle-snuffers, 
which often accompanied candlesticks and trays of Sheffield 
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Plate. In this process the stool was oarofully cleaned, and then 
tinned by dipping into molten tin. It was then covered with 
thin silver foil, which was beaten, or “ closed,” over every part by 
oaroful hammering, and when this was completed a hot soldering 
iron was pressed over the wholo surface, thereby melting the tin 
which alloyed with tho silver and soldered it to the Nteel. 

Apart from iho silver-copper alloys the only silver alloys of 
any importance aro those with cadmium, platinum, and tin. 

Silver-cadmium Alloys.—Tho alloys of silver and cadmium 
havo long boon known, and many years ago a company was formed 
with tho object of oloctro-dcpositing an alloy of silver and cadmium 
in plaoo of pure silver on account of its superiority as regards 
tarnishing. The attempt was unsuccessful for various reasons, hut 
chiefly on account of tho dillioulby of obtaining a uniform deposit. 

In 1904 Rose drew attention to tho fact that silver is capable 
of dissolving cadmium to the extent of 20 por cent, to form a 
homogeneous solid solution, and ho suggested that tho standard 
trial pl&fcos might with advantage be replaced by a silver-cadmium 
alloy on account of its uniformity in composition. Trial plates 
wore therefore made, and it was found that they wore perfectly 
uniform in composition, and that tho cadmium in no way inter¬ 
fered with the ordinary methods of assay. Some diflioulty was 
experienced in molting the alloy on account of tho volatility of the 
cadmium, but tho method finally adopted was as follows:—Molten 
silver at as low a temperature as possible was pourod on to the 
molted cadmium covered with charcoal and contained in a largo 
crucible, By this means tho loss of cadmium was reduced to about 
QT5 por oonb. of the weight of the alloy, and was fairly regular. 
The loss on romolting the alloy only amounted to 0*08 por coni 

Cadmium, however, is not only of use in tho preparation of 
standard trial plates, but in other countries is extensively used 
in the manufacture of sterling silver, owing to its valuablo pro¬ 
perties as a deoxidiser. It increases tho malleability and ductility, 
prevents blistering, and is said to improve the whiteness of the 
alloy. Moreover, an excess of cadmium is not very material, as 
it alloys perfectly with the metal without injuring its meohanioal 
properties. An American authority states that cadmium is used 
by practically overy manufacturer in the United States, and he 
gives 0*5 per cent, as tho usual addition. 
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Silver-platinum Alloys.—Those alloys are used to a 
extent, but are of sufficient importance to demand a bred 
description. 

The preparation of tho alloys is somewhat, difficult, owing ?** 
the high melting-point of tho platinum ; hut. the alloying »* 
' effected by gradually adding tho platinum in tho form of *.{* 014:0 
to the molten silver, the whole being thoroughly mu<d 1 *% 
stirring. The resulting alloy is granulated ami renn-ltnd to *m 
sure uniformity of composition. 

The most important of the silver platinum alloy* art- thou- m«'4 
by dentists and sold in tho form of wiro, sheet, ami pet fot.it rd nit*»t, 
under the name of denial' alloy. They are much ttiore tint thh . 
and do not blacken so readily hh a silver copper alloy. Th<-t«* nu 
in the market two qualities, tho first containing tiV per rent ,4 
silver and 33 per oont. of platinum ; and the ei-emid r,<ni un-ng 
75 per cent, of silver and 25 per rent, of {ilatinum, Th»- all .-, 1 
occasionally contain a small quantity of copper. 

Silver-platinum alloys are also said t.o he used i>\ ici u,.i 4 00 
jewellers, hut it is probable that the advance in »b«- j*i: »• m 
platinum has been the means of cheeking their me Thrie .ui---. • 
contain from 2T» to 35 per cent, of platinum. 

An alloy used for soldering platinum consists of Tli per ««ul of 
silver and 27 per cent, of platinum ; mid tut alloy rontammg *5 7 
per cent, of silver and 33 per oont. rtf platinum in employed -** 
the standard of electrical resistance. 

Alloys of Silver and Tin, —Alloys of these metals »re largely 
used by dontists as the basis of amalgams for stopping t, -ih 
They come into tho market in the form of filing:* or nintum** 
containing from 40 to (50 pnr cent, of silver, and are mt*«l wuh 
meroury immediately before use. The amalgam ihm 
beoomos a hard mass within u few hours. .Si, j;t |i »| U m f 5f! » , 
other metals, usmdly gold, platinum or mpm*!, <•« , y.., 

5 per cent., arc oeeusionally added to flu- .,11,,v m 
improve its quality. 

As regards other alloys of silver, (hum* with me- u» I 
have had some attention devoted to them, hut m» far fhei i* w 
not attained any degree of industrial im|M»rtan*m. 
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^ Gold Alloys. 

<$! 

° Tho important alloys of gold are those 

with copper and silver, and of these the 
gold-coppor alloys are by far tho more 
o important, on account of their employ¬ 
ment as alloys for coinage. 

Tho constitution of tho gold-copper 
alloys has boon studied by Uoborts-Ansten 
and Roue, and the freezing-point curve 
of the series ns determined by them is 
shown in fig. 79. It consists of two 


branches meeting at a point representing 
the eutectic, which contains 82 por cent, 
of gold and melts at 905°. Tho round- 
ik'hh of the curve suggests that tin! metals 
arc to ft considerable extent soluble in 
one another, and the microscopical ex¬ 
amination confirms this view; but tho 
degree of solubility has not yet been 
ascertained. Standard gold, however, is 
a homogeneous solid solution of copper in 
gold, and possesses tho crystalline struc¬ 
ture of a pure metal. An old-fashioned 
system of expressing tho fineness of gold 
alloys in “carats” and grains, or “carat 
grains,” is still in use in this country, 
and requires Nome explanation. The 
Arabic word ICi/rat and tho (3rook Kmi- 
titm appear to bo tho same, and were 
applied to beans or seeds which were 
used as weights. Tho word seems to 
have boon retained after the introduction 
of standard weights, for wo find a small 
(ireok weight known as a ceratiwn, from 
which our carat, or “karrott,” as it was 
formerly spelt, is derived. The carat 
contains 4 grains, and pure^gold is takon 
ho that, to tako an example, 18-carat gold contains 
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is of pure gold, or 750 fino. Thin synlcun wiw retained in the 
Mint until 1882, when it wan roplaced by tin* decimal or " pa**’ 4 
per thousand ” system; but it is still commonly employ »«1 by 
jewellers and goldsmiths. 

In following tho history of tho gold coinage in this countn »»> 
must again quote tho words of that eminent tuitlmnU. tin* lab* 
Sir William 0. Roberts-Austen, lit*, begins with tho y«*;ti 
“the 41st year of King Henry 111., who outdo a penny of t!n- 
finest gold, whioh weighed two sterlings. This, nu Kmling 
out, is remarkable as tho first coinage of gold in the kingdom, and 
it is extraordinary that it took place at tin* height of the King’* 
distress for want of money. Tho next step of importune*- wan 
taken in 1343, when King Edward III. mined, nr po.j< .id « 
coinage of the standard 91)4*8 (23 carats, 3.1 gr.tin«» and 4 gs-un of 
alloy), whioh was reform! to by later writer*. us tie* ' oid :>!>•* eng 
or ‘right standard’ of England ; and Lowndes, »pi«>hm* tin- ft* - 
Book of tho Exohoquor, says that tin* h main of allot u.:, in I . 
either of ‘silvor or copper.’ Although the.ne wen* see., ,, 
considered, ‘the first coining of gold in Kuel.ind/ »!e- <<*«<) ■ ‘ 
Edward III. wore of remarkable beauty ; and if wu** >••! fed 11 
they were struck from gold prepared by ureulf <u«i, l*y itm well 
known alchemist Raymond bully, who lmd a laboratory m the 
Tower of London. There are, however, uhrumdngiejd ditto ulii* *• 
in the way of this explanation of tho origin uf l he prernma meJul 
No further change was mode in tho standard fineness of tin* p.d i 
coin until the year 1526, when King Henry Vlll. in»».*L« 5 , 
second standard, 916*66 (22 carats), the professed object l«m. .• * . 
prevent the exportation of the coin to Klundera, The 
modification of tho standard, which was eileeted in lh|3, «. v . 
preceded by a kind or scientific research, nn the limp ..rder.-d flu* 
officers of tho Mint to prepare, whenever they ah-.old l 
direoted by tho Rrivy Gimneil, alleys to (lie value .<f j. , . ■ 

in weight, of such fmunoHs as should he d.wi <-i p. 

Counoil, in order that tho general nature oi alim, ,, ,, « ? • 
used in foroign realms, might the sooner t«, |,|„ m,,, , », 

knowledge. Tho standard 916*6(1 (which is the fstaiid.mf »f ti 4 „ 
alloy used at the present day for the gold *>f tlits 

was again issued in 1544. By a miWijnent mdniinrr, 4^,1 
1545, the gold was brought down to 83.13 (at) h »* r : 
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Edward VI. improved tho fineness of the gold currency in 1549 
and in 1552 an indenture was made authorising the coinage of 
gold both of tho old standard 994-8 and of tho standard 916 66 
Qucon Mary issued coins of fineness 994-8. Queen Elizabeth 
struck coins of both standards. The coinage of gold of the ‘gold 
standard’ 994-8 was abandoned in tho 12th yoar of King 
Charles L, and since that time the standard 916-66 has alone 
been issued. Coins made of the old standard previously to that 
period continued to be current until the year 1752, when they 
were withdrawn from circulation by proclamation.” 

Conn Standards. 


Omni try. 


Denomination 

Fineness. 

Aunt,via-Hungary 


Ducat. 

m 

Belgium 


*20 and 10 crowns 

000 


20 and 10 francs 

000 

Denmark , 


20 and 10 kronor 

000 

franco 


All 

000 

Germany . 


All 

000 

Great Britain 


Sovereign 

91(5-0 

Holland . 


Double ducal. 

080 

ii , 


Ducat and 10 lluriii 

900 

Italy . 


All 

900 

Japan 




Norway 


20, 10, ami fi kroner 

900 

Portugal 


All 

910-0 

Russia 


All 

900 

Sweden 


All 

900 

United States 


All 

900 

From tho above 

table, 

, giving the composition 

of the £ 


coinage alloys used in difierout countries, it will be seen that the 
standard most generally adopted, viz. 900 line, is somewhat lower 
than in this country. 

Standard gold is harder than tho pure metal, hut is extremely 
malleable and ductile, and admirably suited to the purposes of 
coinage, Moreover, the alloy being a homogeneous solid solution, 
there is not the difficulty of preparing standard trial plates of 
uniform composition.as in the ease of standard silver. 

The molting of standard gold is carried out in plumbago 
crucibles heated in coke-fired furnaces similar to those used in 
" " H ing of standard silver. 

r,F "old and copper are largely used for jewellery ; 
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those most oommonly usod and hall marked are 
22 carat or 916'6 fine, 18 carat or 750 lino, 

15 carat or 624-5 fine, and 9 carat or .'175 
fine. The first of these, viz. 22 carat, iff ton 
soft for hard wear, and is almost exclusively 
employed for wedding rings and those parts of 
rings which hold tho prcciouH stones and which 
have to be exceptionally ductile. Tho alloys of 
18 and 15 carat are used in high-daws jewellery, 
and the 9-oarat alloy is used for cheap work 
In addition to those a number of alloys eon 
taming silver in addition to tho copper are used 
for jewollery, and in smuo oases iron is athltsl. 
An alloy containing 750 of gold and 250 of iron 
is mentioned by several writers as “ blue gold." 

Gold-Silver Alloys. 

Although the alloys of gold and silver mo 
hardly be said to have any great, industrial 
value, they are of considerable interest from a 
theoretioal point of view. It may he mentioned, 
however, that those alloys are used to some 
extent in the manufacture of jewellery, the 
odour being paler .than in tho case of the con e 
sponding copper alloys. Until comparatively 
recently the sovereigns struck in Atwtmlk at 
the Sydney Mint were alloyed with silver in¬ 
stead of copper. 

The constitution of the gold silver alloys fun. 
recoived the attention of many metallurgist:!, nnd 
more particularly (laulior, Roberts Austen, Rose, j 
Erhards and Hchorlol, who all agree that the 
metals are isoinorphous and form hom>>g><u>-oit i 
solid solutions througlioufc the whole wnr« of ' 
alloys. The freezing point curve determined l»v j 
Roberts-Austen and Ruse is shown in fig SO, j 
and it will bo noticed that the lowering of tli® 1 
freezing-point of gold by tho addition of «Uv«r 
is very slight until 35 per cent, is reaohmi. ** 
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It follows from tho constitution of those alloys that they will 
be uniform in composition, and sinoo 1902 a gold-silvor alloy has 
been used at the Mint for tho purpose of assay checks in place of 
fine gold. 
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CHAPTER XV. 
IRON ALLOYS. 


In attempting to deal with the alloys of iron onr attention is 
naturally directed to steel, and the question arises, Is steel an 
alloy 1 Many years ago Matthiessen declared his belief that steel 
should be considered as an alloy of iron and carbon, and his opinion 
has been amply confirmed by modern research. But here we are 
faoe to faoe with another difficulty, for the study of steel has 
received so much attention, and is in itself so vast a subject, that 
it would be obviously impossible to compress it into a part of a 
book on alloys. On the other hand, no book professing to deal 
with the subjeot of alloys can possibly ignore the alloys of iron. 
A compromise must therefore be made, and in the following 
chapter an attempt has been made to deal briefly with the 
essential facts and to supplement these with a bibliography 
sufficiently complete to form a reference to the important work 
dealing with the subject of steel and cast iron. 

Iron and Carbon. 

The constitution of the alloys of iron and carbon is somewhat 
complicated by the fact that iron is capable of existing in at least 
three allotropio modifications ; and it is necessary, before dealing 
with the alloys, to consider the changes which may take place in 
the iron itself. Roberts-Austen • showed that- if a cooling curve 
iB taken of the purest iron obtained by eleotrodeposition, two 
remarkable irregularities in the curve, due to an evolution of 
heat in each case, occur at temperatures of 895° and 766°. He 
considered that these evolutions of heat were due to allotropic 
changes in the metal, and this view has been supported by the 
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fact that tlioro is a profound change in tho physical properties of 
the metal at those tomporatures. Osmond first described the three 
allotropio modifications as Alpha iron, Bota iron, and Gamma iron, p 
and this nomenclature is now universally adopted. Alpha iron 
(or a-iron) exists at temperatures below 7(56°, Beta iron (or /3-iron) 
between 7GJT and 895°, and Gamma iron (or y-iron) above 895°. 1 

Tho physical properties which lmvo reooive.d the most attontion 
and which servo to indicate tho molecular ohangos taking place in 
iron at diHorent tomporatnros, are magnetism, dilatation, electrical 
resistance, and thormooleotrio behaviour. Those will be referred 
to later, and it is only necessary to mention hero that they fully con¬ 
firm tho existence of throe modifications of iron. The orystalline 
character of tho three modifications has also been studied by Osmond, 
who concludes that they» all crystallise in the cubic system, hut that 
while a- and ft iron both crystallise in cubes and are capable of 
forming isomorphous mixtures, y-iron crystallises in oetahedra and 
does not form isomorphous mixtures with /3-iron. Osmond observes 
that if tho allotropy of iron were not conclusively proved by other 
evidenoe, it would not bo revealed by its crystallography. 

If, now, a cooling curve is taken of an iron containing, say, 
0‘2 per cent, of carbon it will be found that tho first evolution 
of heat is very much less than bofore, and occurs at a in noli 
lower temperature, viz. 825*, while a third ovolution of heat 
is noticed at (590°. Further additions of carbon lower the tem¬ 
perature at which the first evolution of heat takes place, until with 
0*37 per cent, of carbon the first two evolutions of heat merge 
into one at 766*, while the third remains constant at 690°.* Still 
further additions of carbon again lower the temperature at which 
the first evolution of heat occurs ; and when 0'9 por cent, of carbon 
is reached only one evolution of heat is noticed at (H)0°. These 
three evolutions of heat liavo boon named by Osmond A v A 2 , and 
A a ; Ajl being the change which occurs at 690* and which is also 
known as the reoalescence point; A 2 , tho change which occurs 
between 766* in the case of pure iron and 690“ in tho case of 
iron containing 0‘9 per cent, of carbon; and A 8 tho change which 
occurs between 895° in pure iron and 766° in iron containing 

1 Many attempts have recently been made to disprove the existence of 
0-iron, but as yet the evidenoe has been unsatisfactory and wholly insuflioient 
to support the claims put forward. 
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0-37 per cent, of carbon. Tho hhuio points arc oh orv* -I *»n 
heating steel as well as during cooling, but they do w»i ««•*•«*• 
- exactly at the same temperatures ; and in order to dmtmg»h«b Urn 
points observed during heating or cooling tin* letter* o (‘dmuibuif i 
and r (refroidissaut) arc added; thus tho ovolutinim of bout timing 
cooling are Ar 1} Am, and Ar 3 , and tho corro.spnndiug dming 

heating are Ao 1} Ac a , and Ao„. Tho iuiluonoo of carbon upm tho 
molecular changes taking place in Hlool can herd ho ob-.-med hy 
submitting to a microscopical examination wimples of uteri *h».-h 
have been boated to various temperatures and audd< nly rooh-.J by 
quenching in water or mercury, in order to fix m far n» livable 
the structure which they possess at tho temperature at winch thev 
are quonched. Lot us consider, for example, a sbvl muruuutg 
0 - 4 per cent, of carbon. If such a steel is quenched at » b-n.p< t& 
ture above Ar 2 its structure will bo found to commit eutnrh «•! an 
acicular constituent, of which photograph 1, No. d, n-po-;-* ntfl a 
typical example, and which is known as martensite. '1 m- Inch. nt 
powers of tho microscope arc unable to resolve 1 lit t w >/<!■■%, n-jh 
the needle-like atruoturo into d i Heron t enmpMm-uti>, ni.d ;? i® 
evidently a solid solution of carbon in iron. It m a h »rd. buSfb’ 
substanoe, and is tho chief constituent of hardened *t«•»!« 

It now, tho samo stool is quonched from a temperature K»t*rww* 
Ar a and A^ tho samo constituent will Ik* tdworved, hut hi tin# 
case it is not tho only constituent, but occur* in patche* nurriiumteu 
by a structureless and much softer material whirl* i* imwlvmlh 
pure iron and is described as ferrite. Again, the mmn *t«*rj 
quenched at a temperature below Ar Jt or allowed to nm) naiiiralls 
will be found to possoss a different structure. It »li!l mum |. 9 
two constituents, but tho martensite turn undergone » change 
The carbon is no longer dissolved in the iron, hut ins* 
out as carbide of iron, l''e B (l, and him formed wit,Si a p.rt of th*» 
free iron a constiluonb possessing the typi.ul «tr*efia# t ,f » 
eutectic as shown in photograph 7. The< e-n^itu. « h .. Mi 
as pearlite. It is tho eutectic of iron and eo } , p. ,,f l? u 
(or cementite), and contains O’Hfi per crut *>f esrt li .» 
mirch softer than martensite, and in characteristic «»f all 
oooled steels. Steels containing lew* than 0 *0 per wit, «f t,mhm 
consist of grains of pearlito embedded in a ground tum* of Uttn#, 
and are sometimes described m hypo-outer tie, while ihum «*, n 

VJ 
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Uiui,1 K man, than Dm , H >r 0 <nit , 
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ia duo to t.lm tube in which the oonling takes place, and is not 
connected wit 1 1 the Htor] itself. 

Tho changes iii'tnimii}: in a atoel oonininin:'’ 0*5 per cent. of 
carbon arc Himilar, except that, a mm hepurute < directly from 
niftrtewuto at about 750" without tho preliminary separation of 
/iiron. 

Tho wtHO of a aliud e«mt uuiu^ 1 per rent, of carbon i« Nimmvhat 
dilTerenl. Tho solid hie 0 wii of the metal exteuda over a range of 
nearly 1 ()()“, that in to hh\» the distance between the pi .in I a on tho 
linen All and ha. Ah bfote, the no] id metal commiti. of mart emit,a; 
bnt when tlie line SM is reached at a tiMoper.itnro of MhO ' mawiive 
iHtnnmtite Hcpanttcfi out tn the martensite. At, lUM)" tho marten 
site breaks down into pe,trine, and tie* s>- nit, eond-Ua of rmuwms 
ctsimmlite omlK«bled m a matrix of piaibte. Ah h he t> example, 
lot uh consider tho caw* of an alloy roniumnig 5 per cent, of 
oarhun. At 1240“ martensite b nma to Hobday, but iw y iron in 
only capable of dissolving about 2 per cent. i*f carbon to form 
mar tomb to, it follows that t.he .separation of m*u te ( > ite in accom¬ 
panied hy a concentration of carbon m the mother liquor. Thin 
concentration continue?! until the carbon re u h. a 4 A per cent., 
when the outer.tie uf martensite and graphite mparateM. Ah the 
temperature fnllw below UHHf p-nt of the graphite again euhTu 
into ooniiiinution, with the formal MU of cemenhte, an that tho 
metal omiMMtH of cement ite and tmu t eu-tte ; and at biltf the 
martemiite breaks down into pisolite, the fmal tenth, being 
oermsntitc and pcarluo with free carbon or giapiutc. When 
moro than 4 3 per emit, of earlxm is present, graphite w tho firat 
com ti turn fc to Kiqwtmte out. 

Tho mlcroHCopioal appearance of tho important coiethtueutH of 
Htool hui «d ready boon de-imbed; but other o<*m»t humix, or 
parhapi ifc would l«i mono oumwt to «av umduiraimtm of shmi 
cematituentu, may be produced by tUcrmat treatment, and they 
must be briefly described. 

Troostite is an intermediate or truiaitional product which in 
formed during tho traimfnnmttlmi of umrteti ate info pearlito, 
and in found in ateeln which have been quenched at the or Heal 
temperature Ar r It m softer than timm mite, and owing 
to the fact that it can only edit within « very limited range 
of temperature it k seldom met with. Photograph 42, which 
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is by Osmond, shows the appearance of troostite under the 
microscope. 

Sorbite is also an intermediate formation between martensite 
and poarlite, but is moro closely related to poarlifce. It has been 
described as “ lui-segrogatod penrlito,” or poarlite in which the 
separation of fovrit.o and oomoutito is imperfect owing to rapid 
cooling. Sorbito is found in small samples which have been 
cooled in air, anil in larger samples which have been quenched in 
water towards the end of the renaloscenco, or quenched in molten 
lead. It is also produced by heating martensite to a blue colour. 
It is hardly posaiblo to dolino the intermediate formations between 
martensito and poarlite, as there appears to bo a gradual change 
with no sharply-defmod limits through troostite, troosto-sorbite, 
sorbito, granular poarlite, and lamella,r poarlite. 

Austenite is found in steels containing moro than 1*2 per cent, 
of carbon which have been quenched from a temperature above 
1000° in water cooled to zero, or better, in a freezing mixture. 
The appearance of ausienitu is shown in photograph 1, No. 4, 
the lightor constituent being austenite and the darker martensite. 
It is softer than marl onsite, and, owing t.o the fact that it is only 
stable at high temperatures, Baron ,1 uptnor has suggested that 
it may be a solution of elementary carbon in iron. 

As regards the microscopical methods of detecting the con¬ 
stituents of stool and thoir distinguishing characteristics, a few 
words may he useful. 

The structure of ordinary steals may bo made apparent by 
etching with nitric acid, but it is difficult with so strong a 
roagent to regulate the degree of etching. Many yoara ago 
Osmond recommended an aqueous extract of liquorioe root as an 
etching reagent used in the following way -A piece of smooth, 
parchment was moistened with the liquorice extract and a small 
quantity of prooi[dial,ml calcium sulphate added. The specimen 
was then rubbed vigorously upon tlm moist parchment until the 
struoturo was revealed. The calcium sulphate serves tho purpose 
of a polishing powder, and keeps the surface- of the steel clean. 
This is the combined polish attack,’'as it is sometimes called. 
Subsequently Osmond showed that a 2 per cent, solution of 
ammonium nitrate might he used in place of tho liquorice extract, 
aud is more convenient on account of its uniformity. By either 
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compounds, such ns the coppor-tin and ooppor-v.ine alloys, tlio 
conductivity doorcases rapidly until tlui point of saturation is 
reached and then takes a muldon head and fori ns an L-shaped 
curve. Solid solutions therefore possess a maximum olootrioal 
resistance, and all the alloys in the table on p. 322 consist of single 
homogeneous solid solutions. It is fortunate for the olootrioal 
•industry that the constitution which confers upon those alloys 
their high oleotrical resistance is also the constitution which 
enables thorn to ho drawn into wire. 
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